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CHAPTER 1 
I N T R O D U C T I O N 
Several events can be distinguished in the infection process, such as the first 
contact of the virus with a plant cell, multiplication of the infective agent in the 
cells and the reactions of the plant in presence of the pathogen. 
Depending on the virus-host combination concerned, a plant can give a local 
lesion response, it can react systemically (i.e. the virus spreads from the in-
oculated leaf into other parts of the plant) or it can react both with formation 
of local lesions and systemically. 
WILDMAN (1959) outlined the course of infection and the virus development 
within plant cells. Based on experiments carried out for the greater part with 
tobacco mosaic virus (TMV), the following opinion has been formed ori the 
events that happen in leaves inoculated with this virus. 
By rubbing the surface of a leaf with a virus suspension, injuries are formed 
which enable the virus particles to come into contact with the protoplasm of 
epidermal cells. These entry ports for virus particles, produced by the injuries, 
are called 'susceptible sites' by WILDMAN. 
CASTERMAN & JEENER (1955) were the first to demonstrate that there is a 
ribonuclease-sensitive stage of the virus after inoculation of tobacco leaves with 
TMV. They suggested, therefore, that the release of nucleic acid (NA) from the 
virus is an essential step in the early infection events. 
With the aid of special techniques (e.g. irradiation with ultraviolet light) used 
in research on bacteriophages further indications have been obtained for a 
possible in vivo separation of NA and protein portions of the virus. Opinions 
differ, however, concerning the time at which the release of NA takes place. 
It is possible that this discrepancy might be ascribed to differences in sensitivity 
of the methods used and to the different host plants involved in different in-
vestigations. Once released, the NA moiety is supposed to start to increase in 
amount and the newly-formed infectious entities may move from the originally 
infected cells into the underlying tissues. At a certain concentration of the virus 
in cells of the leaf, the local lesion host will react with the formation of necrosis 
which becomes distinct in Nicotiana glutinosa leaves, kept at room temperature, 
at about one day after inoculation. 
The aim of the present study was to gain more information on the pro-
cesses which take place during the first hours after inoculation of a local lesion 
host. The course of infection is partly studied on leaves from which the epider-
mis was removed at different intervals after inoculation. This method has the 
following advantages over those mentioned in the literature in which intact 
leaves or small leaf pieces have been used. 
1. The dilution factor is less if only epidermal tissue is ground and the sap 
obtained assayed in order to establish a possible increase in the amount of in-
fective material in the leaf shortly after inoculation. 
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2. This method procures the possibility to carry out investigations simultane-
ously on translocation of the infective agent and on the increase of infective 
material in the epidermis. 
As it is extremely difficult to remove the upper epidermis which is apparently 
tightly connected to the palisade parenchyma cells, leaves used in the present 
study were usually inoculated on the lower surfaces. 
The majority of the experiments were performed with detached leaves of 
N. glutinosa. The virus was an isolate of TMV commonly used and propagated 
for many years in the Laboratory of Virology at Wageningen. 
First attention was paid to the 'residual virus' i.e. the virus which is left on 
the surface of a leaf after inoculation and subsequent rinsing. Many authors 
have made reference to this virus but most of them looked upon it chiefly as a 
factor which interferes with the detection of a small amount of newly-formed 
virus in bio-assay tests and as such must be removed in the most efficient way. 
HARRISON (1956a) and KÖHLER (1957b, 1958a and b, 1961) were the only 
investigators who went further into some properties of this infectious material. 
In the present study investigations were also made on the effect of ultraviolet 
irradiation on the number of local lesions on leaves irradiated at intervals be-
fore or after inoculation. 
Attention is further paid to the presence of infectious material in the cell 
layers adjacent to the inoculated epidermis and in the untreated, opposite epi-
dermal layer. 
Efforts were made to deduce from data obtained in the various experiments 
what processes take place after the virus (as complete particle or as NA) has 
been introduced into the leaf. 
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CHAPTER 2 
T H E I N F E C T I V I T Y O F V I R U S L E F T O N T H E 
S U R F A C E O F I N O C U L A T E D A N D S U B S E Q U E N T L Y 
R I N S E D L E A V E S ( ' R E S I D U A L I N F E C T I V I T Y ' ) 
2.1. INTRODUCTION AND LITERATURE 
HARRISON (1956a), KÖHLER (1957a and b, 1958a and b, 1959, 1961), 
KASSANIS (1959) and KERLING (1962) showed that the infectivity of extracts 
taken from host plant leaves at successive times after inoculation decreased to 
a minimum and subsequently increased. HARRISON (1956a) made an attempt 
to elucidate the cause and significance of this phenomenon. According to him 
it might be possible to ascribe the decrease to some change of the virus particles 
involved in the infection process, in conformity with processes known to occur 
with bacteriophages (HERSHEY & CHASE, 1952). He determined the 'residual 
infectivity' 2, 8, 24 and 48 hr after inoculation with TMV, using plants sus-
ceptible to this virus (the tobacco variety 'White Burley' and N. glutinosa) as 
well as those not susceptible (the French bean variety 'Prince'). No difference 
could be observed in the infectivity of 'residual virus' provided by leaves of the 
susceptible and the not susceptible plants at different times after inoculation. 
The author concluded: 'There is no unequivocal evidence that the decrease in 
infectivity is irrelevant to the process of virus multiplication. It may, however, 
be caused by virus drying on the leaf and becoming non-infective, or conditions 
in wounded epidermal cells may favour virus inactivation,.. . . ' . 
KÖHLER (1957a and b, 1958a and b, 1959, 1961) also suggested that in-
activation of virus particles adhering to the leaf surface could be responsible 
for the decrease in infectivity in inoculated host leaves. He as well examined 
whether this inactivation occurred in the same way in leaves of hosts and in 
those of non-hosts, that is to say of plants in which the virus does not multiply. 
The following virus-plant combinations belonging to the latter category were 
used by him: Potato virus X and TMV on the French bean variety 'Konserva' 
and potato virus X on the US-seedling 41956. He examined the 'residual in-
fectivity' at different times after inoculation in the same way as HARRISON did 
but in addition he tested at time '0' (i.e. immediately following inoculation). In 
all cases the 'residual infectivity' tended to decrease gradually. However, when 
the combination TMV on French bean was used KÖHLER (1958a) reported an 
increase in infectivity at ca. 32 hr after inoculation which lasted a few hours 
and then disappeared. According to KÖHLER this course would point to a virus 
multiplication followed by a strong defensive response of the plant. 
KÖHLER (1957b, 1958a and b) also investigated the behaviour of 'residual 
infectivity' of potato virus X on leaves of Solanum demissum hybrid 'A6' 
which is very susceptible to this virus. A distinct decrease was reported by him, 
during the first 6 or 24 hr after inoculation, later followed by an increase in the 
infectivity as a result of virus multiplication. 
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KASSANIS (1959) also found a decrease in 'residual infectivity' in N. glutinosa 
leaves during the first 8 hr after inoculation with TMV. 
KERLING (1962) observed that the 'residual infectivity' in leaves of Gomphre-
na globosa inoculated with potato virus X decreased rapidly. After an initial, 
high 'residual infectivity' no virus could be demonstrated by means of infectiv-
ity tests between the 3rd and 30th hr after inoculation. 
In contrast to the above-mentioned results KÖHLER (1961) reported a quite 
different behaviour of 'residual infectivity' on leaves of N. glutinosa inoculated 
with TMV. He found a maximum ('Vormaximum') at 7 to 8 hr after inocula-
tion instead of the decrease in infectivity as was expected. This maximum was 
followed by a minimum at 24 hr. Then again after 32 hr another maximum 
('Hauptmaximum') became visible which KÖHLER attributed to the presence of 
newly-formed virus. He suggested that the 'Vormaximum' was caused by a 
partially reversible inactivation of the 'residual virus' which is counteracted 
within a few hours. This reaction might interfere with a simultaneously oc-
curring inactivation due to denaturation of the virus. However, KÖHLER did 
not advance arguments to support this hypothesis. It is remarkable that he had 
never obtained such results in earlier experiments carried out with the same 
virus-host combination. 
The virus particles responsible for infectivity during the first hours may be 
either those which have come into contact with the protoplasm of cells via the 
susceptible sites (WILDMAN, 1959) or the ones which have not reached the 
susceptible sites and are simply left on the surface of rinsed leaves or both. The 
first are those taking part in the infection process and the second can better 
be termed as residual virus sensu stricto (s.S.); consequently the 'residual in-
fectivity' on leaves is determined by the infectivity of residual virus s.s. plus the 
infectivity of virus particles taking part in the infection process. Hence, the 
following four alternative hypotheses can be launched to explain the decrease in 
'residual infectivity' during the first few hours after inoculation as reported in 
the literature. 
1. The virus particles which take part in the infection process, coming into 
contact with the protoplasm of cells via the susceptible sites, undergo certain 
changes during the first hours after inoculation as a result of which they lose 
their infectivity in whole or in part. The infectivity observed during this period 
may be attributed mostly to those virus particles which have not reached the 
susceptible sites, i.e. residual virus s.s. 
2. The decrease in 'residual infectivity' during the first hours after inocula-
tion may be due to an inactivation of the residual virus s.S., comparable with 
the phenomenon occurring during ageing of virus in vitro. This hypothesis is 
based on the conclusions of some authors that a considerable number of par-
ticles should be applied in order to establish one infection. STEERE (1955), for 
example, reported that at least 5 X 104 particles are needed to induce infection 
and SCHRAMM & ENGLER (1958) found that a minimum number of ca. 105 
TMV particles in the inoculum are required to form one local lesion on a N. 
glutinosa leaf. 
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3. From the moment of inoculation, both the particles of virus participating 
in the infection process and those of the residual virus s.S., become gradually 
affected by substances excreted by the rubbed leaf. These substances may be 
of dual nature: 
a. Substances that are able to displace virus already attached to the susceptible 
sites without affecting, however, the virus particles themselves. For, it is 
known from the investigations of RAGETLI (1957) and VAN KAMMEN et al. 
(1961) that the binding of the virus to susceptible sites is reversible during 
a certain period of time after inoculation and can be annulled by some in-
hibitors. 
b. Substances that affect both the attached virus particles and the residual 
virus s.S., causing a gradual inactivation. 
4. On inoculation, inhibitors gradually develop in the inoculated leaves 
which do not affect the virus either in vivo or in vitro. But when the infective 
sap is prepared from such leaves and applied to assay leaves, the inhibitors, 
getting mixed with the virus, cause a decrease in infection as a result of compe-
tition for susceptible sites (VAN KAMMEN et al., 1961). The amount of inhibitors 
present in the infective sap will depend on the duration following inoculation. 
Only a small amount of inhibitors or possibly none are present immediately 
after inoculation, so that highest infection is measured when infective sap is 
prepared from leaves at 0 hr after inoculation. 
In the following, attempts were made to verify the results reported in the 
literature and to decide which of the above hypotheses is preferable to explain 
a possible change in the 'residual infectivity'. 
2.2. MATERIALS AND METHODS 
Purified TMV was prepared from leaves of 'White Burley' tobacco plants 
by a standard method using acid precipitation of the virus from the clarified 
sap followed by differential centrifugation. The suspensions obtained were 
stored in the refrigerator at a temperature of about 4°C. 
Inoculum of tobacco necrosis virus (TNV) was infective sap prepared from 
French bean leaves, Phaseolus vulgaris L. var. 'Beka' which had been stored 
frozen. The virus suspensions were diluted in distilled water. 
Detached leaves of N. glutinosa were used for most of the inoculations with 
TMV, unless otherwise stated. The plants were grown in boxes in glasshouses 
in which the night temperatures were between 16 and 22 °C and the day tem-
peratures between 20 and 26 °C, and were used at a twelve-leaf stage. Because 
of their variability in susceptibility only the seventh and eighth leaves (of 6-8 
cm in length) counted from the bottom were used for inoculations. 
In some experiments fully expanded primary leaves of French beans var. 
'Beka', leaflets (about 5 cm in length) of broad beans (Vicia faba L.) and 
pieces of leaves of Rhoeo discolor Hance (of 6-8 cm in length) were inoculated. 
All these plants were grown under the above-mentioned temperature condi-
tions. 
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Unless otherwise specified, the following procedure was used for preparing 
the sap-inoculum for testing its infectivity. Leaves were dusted with Car-
borundum (500 mesh), inoculated on the lower surface by brushing carefully 
with a water-colour brush No. 6, soaked in the virus-preparations, and rinsed 
with running tap water for one minute. After that they were placed on wet 
filter paper in petri dishes and kept at a temperature of about 22°C for various 
periods. The method described by UPPAL (1934) and WELKIE & POUND (1958) 
was used for stripping off the whole epidermis of the inoculated leaves. The 
epidermal layer was lifted by means of sharp-pointed forceps. Each portion of 
the epidermis was cut with a razor-blade from the end held by the forceps. The 
epidermal strips of one leaf were collected and ground in a mortar with 0.1 ml 
of distilled water. 
The inoculum thus obtained was tested for its infectivity on assay leaves of 
N. glutinosa. These assay leaves were without exception inoculated by rubbing 
the upper surface, already dusted with Carborundum, with the forefinger wet 
with inoculum. After inoculation the leaves were rinsed with running tap water 
for one minute, placed on wet filter paper in petri dishes and kept at about 
20 °C under continuous illumination by four parallel fluorescent tubes pro-
viding about 38,000 ergs/sec/cm2. The local lesions were counted 3 days after 
inoculation. 
Infectivity was assayed by comparing the number of local lesions produced 
by different inocula on assay leaves. As a rule ten whole leaves were used for 
each treatment. In case of less uniformity of the leaves six or ten half-leaves 
were used for each treatment, whereas the other halves were inoculated with 
a standard virus suspension for control. Lesions of the test half are given as a 
percentage of those on the control half and the arithmetical mean is calculated 
from the percentages in each experiment. 
2.3. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO N. glutinosa LEAVES 
Twelve N. glutinosa leaves were inoculated with TMV. The epidermis of 
three leaves was removed at different intervals after inoculation (0, 4, 8 and 
24 hr), ground and the sap obtained was tested separately on six assay leaves. 
Results from six experiments recorded in columns Re of tables 1 and 2 
went to show that the highest infectivity was measured at 0 hr when compared 
with that at 4 and 8 hr. In four experiments, the infectivity showed a definite 
decrease from 4 hr to 8 hr, while in one (expt. 3 of table 1) it remained con-
stant and in the other (expt. 3 of table 2) it increased. Between 8 hr and 24 hr, 
the infectivity increased to a level even higher than that at 0 hr in four ex-
periments and only in one case it continued decreasing. The high infectivity at 
24 hr may be ascribed to the presence of newly-formed virus particles which 
will be discussed in detail later in the other Chapters. 
These results are in agreement with those reported by KASSANIS (1959). The 
present data did not give any evidence of a 'Vormaximum' observed by 
KÖHLER (1961) at about 8 hr after inoculation. 
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TABLE 1. The 'residual infectivity' of purified tobacco mosaic virus applied to Nicotiana glu-
tinosa leaves by rubbing (Rc) and dipping (D), measured at intervals after applica-
tion 
Time after 
application 
(houis) 
1 
Re D 
2 
Re D 
Experimentab 
3 
Re D 
4 
Re D 
5 
Re D 
0 
4 
8 
24 
316 
231 
139 
236 
-
-
-
-
29 
8 
6 
40 
0 
0 
9 
0 
20 
9 
9 
47 
1 
2 
0 
4 
-
-
-
-
9 
21 
11 
-
-
-
-
-
817 
1024 
729 
-
a
 Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material taken from the test leaves at various times after application of 
the virus. 
* The concentrations of the virus inocula were 0.3, 0.02, 0.02, 0.07 and 18 mg/ml respectively, 
for the five experiments. 
In order to distinguish between virus particles involved in the infection 
process and the residual virus s.s. a comparison was made between the amount 
of 'residual infectivity' on leaves inoculated by rubbing with that on leaves 
dipped for one minute in the virus suspension. Both the dipped and the rubbed 
leaves were rinsed with running tap water for one minute. The results are shown 
in table 1 (expts. 2 and 3). From these data two points stand out: 
1. The 'residual infectivity' was lower on dipped leaves than on rubbed ones. 
2. No decrease in 'residual infectivity' occurred when the leaves were dipped. 
However, the very small number of local lesions might have caused a pos-
sible decrease to remain undetected. To examine this possibility, higher virus 
concentrations were used viz. 0.07 (expt. 4) and 18 mg/ml (expt. 5). From 
these experiments also, it became obvious that the infectivity at 0 hr and 8 hr 
after inoculation was more or less the same, when the dipping method was 
used. 
The following experiments were done to make a comparison between the 
'residual infectivity' on leaves inoculated by rubbing after being dusted with 
Carborundum and that on those not dusted at all. 
The results (table 2) show that the 'residual infectivity' did not vary much 
during 24 hr when the leaves were inoculated without being dusted with Car-
borundum. This might be explained by assuming that the number of suscep-
tible sites produced by rubbing without Carborundum was too small to enable 
a large number of virus particles to participate in the infection process. A con-
firmation of this assumption was obtained from experiments in which test 
leaves were inoculated with or without the use of Carborundum. The three 
experiments recorded in table 2 comprised also four test leaves of which the 
epidermis was not removed after inoculation. These leaves were kept in petri 
dishes until local lesions became apparent. The following total numbers of 
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local lesions were counted on these four test leaves: Inoculation with Carbo-
rundum: 801; 530; 1182; inoculation without Carborundum: 11; 13; 11. 
These results make it clear that all the 'residual infectivity' on dipped leaves 
must be exclusively attributed to the presence of residual virus s.s. 
TABLE 2. The 'residual infectivity' of purified tobacco mosaic virus applied to Nicotiana 
glutinosa leaves by rubbing with (Rc) and without (R) Carborundum, measured at 
intervals after inoculation 
Time after 
application 
(hours) 
0 
4 
8 
24 
] 
Rc 
19 
17 
9 
5 
[ 
R 
2 
4 
0 
1 
Experimentab 
Rc 
27 
19 
5 
30 
2 
R 
3 
8 
1 
4 
3 
Rc 
9 
1 
4 
101 
R 
6 
2 
5 
3 
a
 Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material taken from the test leaves at various times after application of 
the virus. 
b
 The concentration of the virus inocula was 0.02 mg/ml. 
From the above experiments it seemed unlikely that the decrease in 'residual 
infectivity' observed might be due to an inactivation of the residual virus s.s. 
due to ageing as suggested in the second hypothesis (p. 4). This could also be 
established in a different way by means of the following experiments. 
Forty Whatman No. 1 filter paper discs of 5 mm diameter were provided 
with one droplet of a diluted virus suspension and kept for some hours at room 
temperature on microscope slides in a petri dish with wet filter paper. Both 
immediately after the drops had been deposited on the discs and at intervals 
of 4, 8 and 24 hr ten paper discs were ground in 0.1 ml of distilled water and 
inoculated onto ten assay leaves. Results given in table 3 (columns F) show 
that there was no decrease in infectivity of the virus absorbed by the filter paper 
discs. Hence an inactivation in vitro within the space of time tested is out of 
the question and hypothesis 2 (p. 4) can be rejected accordingly. 
In order to examine whether substances excreted by the leaf after inoculation 
might cause inactivation, 40 filter paper discs each provided with one droplet 
of TMV suspension were placed on leaf discs of the same size taken from N. 
glutinosa leaves that had been dusted with Carborundum and subsequently 
rubbed with distilled water. At the above-mentioned intervals the filter paper 
discs were removed from the leaf discs, ground in 0.2 ml of distilled water and 
inoculated onto 10 assay leaves. 
Results are shown in table 3, columns F/L. No decrease in infectivity of the 
virus, absorbed in the filter paper discs, occurred irrespective of the time during 
which they had been in contact with the rubbed leaves. The results obtained 
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suggest that substances excreted by inoculated leaves did not play a part in 
the decrease of 'residual infectivity' of TMV. It is, however, still possible that 
the concentration of an inhibitor absorbed by the filter paper discs was too low 
to affect the infection. 
TABLE 3. The infectivity of purified tobacco mosaic virus applied to filter paper discs, placed 
on microscope slides (F) or on water-rubbed Nicotiana glutinosa leaf discs (F/L) 
and to Nicotiana glutinosa leaves (L), measured at intervals after inoculation 
Time after 
application 
(hours) 
0 
4 
8 
24 
F 
33 
40 
38 
27 
1 
F/L 
27 
31 
25 
19 
L 
10 
6 
7 
2 
Experiment8* 
F 
85 
95 
171 
91 
2 
F/L 
60 
58 
101 
104 
L 
19 
11 
13 
13 
F 
259 
247 
372 
-
3 
F/L 
112 
309 
190 
-
L 
-
-
-
a
 Number of local lesions on ten assay leaves. In experiments meant for determining the in-
fectivity of virus applied to test leaves, the assay leaves were inoculated with ground leaf 
discs taken from the test leaves at various times after application of the virus. 
b
 The concentrations of the virus inocula were 0.05, 0.02 and 0.01 mg/ml respectively, for the 
three experiments. 
The results in table 3 (columns L) show once more the decrease in 'residual 
infectivity' in N. glutinosa leaves, although it was less pronounced than in 
tables 1 and 2, columns Rc. This could probably be ascribed to the great 
dilution, because this time 10 leaf discs from inoculated leaves were ground in 
0.1 ml of distilled water in contrast with the other experiments in which diluted 
sap from ground epidermal tissue was used as inoculum. The 24 hr series did 
not show any increase. 
In order to gain information on a possible effect of the temperature on the 
TABLE 4. The effect of a low temperature (2°C) on the 'residual infectivity' of 
purified tobacco mosaic virus applied to Nicotiana glutinosa leaves, 
measured at intervals after inoculation 
Time after 
inoculation 
(hours) 
0 
4 
8 
24 
1 
8 
9 
8 
5 
Experiment*13 
2 
320 
482 
474 
260 
3 
250 
253 
297 
220 
a
 Number of local lesions on eighteen assay leaves. The assay leaves were 
inoculated with ground epidermal material taken from the test leaves at 
various times after inoculation. 
b
 The concentrations of the virus inocula were 0.02, 0.3, and 0.3 mg/ml respec-
tively, for the three experiments. 
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decrease of the 'residual infectivity' a number of experiments were carried out 
at a temperature of 2°C. This has already been investigated by KÖHLER 
(1958a) for a different virus-host combination. In contrast to his experiments 
in which the leaves were put at 2°C only after inoculation, the leaves used in 
the present study were detached, put in the cold room and kept at 2°C for 15 
min before, during and for different times after inoculation till the epidermis 
was removed. 
Table 4 shows that no appreciable decrease in 'residual infectivity' occurred 
until 24 hr after inoculation. These results are not incompatible with hypothesis 
2 (p. 4) but do not lend support to it either. For, on one hand it is possible that 
inactivation of residual virus s.S. was delayed at this temperature, on the other 
hand, it is also likely that processes usually occurring at the susceptible sites 
immediately after inoculation took place only at a very low rate at 2°C so that 
virus particles involved in the infection process remained unchanged for a much 
longer period. 
2.4. INACTIVATION OF TMV IN EXTRACTED SAP 
In connection with the above experiments which showed that the infectivity 
of virus kept for 24 hr at room temperature on a non-rubbed leaf or in an 
artificial substrate did not decrease before 24 hr, an attention was paid to the 
longevity of virus in plant sap. 
According to BAWDEN (1950) and SMITH (1957) TMV in vitro is very stable. 
Yet great differences in longevity have been shown depending on the medium 
in which the virus is suspended. The latter author reported that TMV in sterile 
filtered sap retained its infectivity probably for years, while TMV in ordinary 
extracted sap stored at room temperature lost 98% of its original strength in a 
month. To judge the validity of hypothesis 3 (p. 5) the longevity of TMV in sap 
from different hosts was examined. 
Detached leaves of N. glutinosa, 3 days after inoculation, were ground and 
diluted 1:1 with distilled water. The sap obtained was distributed over 4 petri 
dishes 9 cm in diameter so that each petri dish contained 10 ml and then the 
covered petri dishes were kept at room temperature for 2, 18, 24 and 48 hr. At 
different intervals the contents of petri dishes were inoculated onto 6 right 
leaf-halves of N. glutinosa. As a control, 6 left halves were inoculated with a 
standard TMV suspension of 0.01 mg/ml. 
It can be seen from table 5 (expts. 1 to 5) that a great deal of the infectivity 
of stored N. glutinosa sap was lost after a 48 hr period of storage and that in 
most cases some decrease became already visible after 24 hr. The infectivity 
did not vary much during the first 18 hr. 
The effect of the host on the inactivation was investigated by using TMV-
containing sap from 'White Burley' tobacco leaves instead of sap from infected 
N. glutinosa. Leaves with well-developed mosaic symptoms were ground, the 
sap obtained was diluted 1:3 with distilled water, distributed over 4 petri dishes 
as described previously and inoculated onto leaves. Results, given in table 5 
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(expts. 6 to 9), show that no appreciable decrease in infectivity of virus in the 
stored sap occurred, not even after the 48 hr period. 
TABLE 5. The infectivity of sap extracted from tobacco mosaic virus (TMV)-containing 
Nicotiana glutinosa (N.g.) and 'White Burley' tobacco (W.B.) leaves, stored at 
room temperature for various periods 
Experiment* 
Period 
(hours) 
0 
2 
18 
24 
48 
1 
409 
283 
279 
256 
219 
2 
133 
206 
134 
69 
23 
N.g. 
3 
176 
210 
188 
141 
36 
4 
312 
231 
235 
230 
24 
5 
178 
191 
197 
110 
49 
W.B. 
6 
224 
226 
152 
213 
171 
7 
215 
179 
190 
221 
187 
8 
238 
243 
367 
298 
263 
9 
289 
294 
298 
202 
364 
a
 Lesions of the test half of the leaf as a percentage of those on the control half inoculated 
with a standard TMV suspension of 0.01 mg/ml (mean of ten replicates). 
Two explanations of the decrease in infectivity of TMV-containing sap from 
N. glutinosa at 24 of 48 hr could be put forward. 
1. Ageing of sap from virus-containing leaves does not affect the virus but 
influences the composition of the sap. Inhibitors of infection (BAWDEN, 
1950; 1954) are formed in the sap which is rendered less infective. 
a. The inhibitors in the stored sap are due to the virus infection. 
b. The inhibitors are also present in stored sap from healthy leaves. 
2. The stored sap causes a gradual inactivation of the virus. This has been 
shown to occur with 'mitochondrial' preparations of TNV-infected tobacco 
leaves when kept at 18°C for different periods (BAWDEN & PIRIE, 1957). 
In order to test these possibilities, sap from healthy N. glutinosa leaves was 
mixed with an equal volume of TMV, kept at room temperature and inoculated 
0, 2, 18, 24 and 48 hr after mixing. The following numbers of local lesions 
calculated in the same way as those recorded in table 5 were obtained: 97; 81; 
93; 51; 51. From these results it became obvious that sap from healthy N. 
glutinosa leaves was also able to reduce the infectivity of TMV after a storage 
period of 24 and 48 hr. In order to examine whether there was a direct effect 
on the virus, experiments were made in which TMV was added to N. glutinosa 
leaf sap after storage of the latter for the above periods and the mixture im-
mediately inoculated onto assay leaves. Again the infectivity decreased after an 
18 hr storage period as can be seen from the following numbers: 123; 85; 121; 
57; 65. 
These results suggest that the inhibitory effect of stored sap was on the in-
fection rather than on the virus particles themselves by irreversibly changing 
their intrinsic properties. 
Since the period during which the sap had to be stored before being able 
to cause an inhibition of infection was invariably longer than 18 hr, it is very 
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unlikely that the early decrease in infectivity as shown in tables 1 and 2, 
columns Rc, could be attributed to an effect of substances in sap from the 
leaves injured by rubbing during the inoculation procedure. Hence hypothesis 
3 (a and b; p. 5) is irrelevant to this case. 
Besides the formation of inhibitors in stored sap it is also possible that in-
hibitors are formed in detached, inoculated N. glutinosa leaves during the 
course of infection and become released when the leaves are ground (hypothesis 
4; p. 5). 
In order to examine this possibility, sap got from N. glutinosa leaves, 3 days 
after inoculation with TMV, was mixed 1 : 1 with sap from TNV-containing 
French bean leaves and inoculated onto 6 right leaf-halves of the 'Beka' variety 
of French bean. Because of the fact that sap from infected N. glutinosa leaves 
contained TMV besides any possible inhibitors, the 'Beka' variety of French 
bean was chosen as assay plant being immune to this virus. In' view of the in-
hibitory effect of stored sap from N. glutinosa leaves, the sap obtained was 
mixed with the TNV-containing inoculum both immediately after preparing 
and also after having been stored for 2, 18, 24 and 48 hr at room temperature. 
On the left halves (controls) TNV-containing sap from bean leaves mixed 1 : 1 
with sap from healthy N. glutinosa leaves was inoculated. 
Results given in table 6 show that none of the percentages at 0 hr reached 
a value of 100% indicating that inhibitors were formed in TMV-infected 
leaves. 
In order to prove that the inhibitory effect was due to the presence of an 
inhibitor from the N. glutinosa sap and not to a possible interference between 
TMV and TNV, the following experiments were carried out. Nine millilitres 
of stored sap from healthy N. glutinosa leaves to which was added 1 ml of 
purified TMV at a final concentration of 0.1 mg/ml was mixed 1 : 1 with 
TNV-containing sap at different intervals after preparing as described above 
and inoculated onto 6 right halves of bean leaves. The left leaf-halves (con-
trols) were inoculated with an inoculum, containing 9 ml of sap from healthy 
N. glutinosa leaves and 1 ml of distilled water, mixed with 10 ml of TNV-
containing sap. This time, no effect of the sap on the infectivity of TNV at 0 hr 
was observed; therefore it can be concluded that the inhibition, measured in 
the previous experiment at time 0, was due only to an inhibitor from the sap 
and not to the presence of TMV. An absence of interference between TMV 
and TNV has also been shown by Wu & HUDSON (1963) who used N. glutinosa 
and the 'Pinto' variety of French bean as assay plants. 
From the results given in table 6 it can also be seen that storage of the TMV-
containing sap again resulted in a lower infectivity at 48 hr though this time 
the decrease was not very appreciable. This is perhaps due to the fact that the 
inhibitor in the sap had been diluted 1 : 1 by the addition of the TNV sus-
pension. 
Experiments were performed in which sap from healthy N. glutinosa leaves 
was stored for the above-mentioned periods, mixed with TNV-containing sap 
and inoculated onto bean leaf-halves. The controls were inoculated with a 
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TABLE 6. The infectivity of a tobacco necrosis virus (TNV) suspension mixed with sap ex-
tracted from tobacco mosaic virus-inoculated Nicotiana glutinosa leaves and stored 
for various periods at room temperature 
Period 
(hours) 
0 
2 
18 
24 
48 
1 
92 
80 
104 
95 
72 
2 
77 
72 
75 
74 
57 
Experiment* 
3 
73 
78 
44 
46 
31 
4 
48 
74 
40 
41 
28 
a
 Lesions on the test half of French bean leaf as a percentage of those on the control half, 
inoculated with TMV-containing French bean sap diluted 1:1 (mean of ten replicates). 
mixture of TNV-containing sap and water. The following numbers of local 
lesions calculated in the same way as described earlier in similar experiments 
with TMV were found: 93; 88; 73; 40; 20 after 0, 2, 18, 24 and 48 hr res-
pectively. The decrease in the percentages at 2 and 18 hr may be due to an 
inhibitory effect of the two different plant saps present in the inoculum. As 
with the TMV studies, data show that the infectivity of the inoculum strongly 
decreased after storing sap from healthy N. glutinosa leaves for 24 and 48 hr. 
Although the above results indicate that inhibitors of infection were formed 
in infected N. glutinosa leaves, it became obvious that the inhibition was of a 
quite different magnitude in comparison with the decrease in 'residual in-
fectivity' of TMV in N. glutinosa leaves (tables 1 and 2, columns Rc). The 
decrease in latter case occurred between 0 and 4 hr after inoculation and 
reached a value of ca. 50% at 8 hr. Consequently the fourth hypothesis (p. 5) 
can not explain this phenomenon and will be abandoned. 
2.5. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO LEAVES OF 
IMMUNE PLANTS 
After it has become evident from the results mentioned earlier in this Chapter 
that the decrease in 'residual infectivity' of TMV in N. glutinosa leaves could 
not be explained by inactivation of the residual virus s.s. on the leaf, evidence 
is sought to show that this decrease is attributable to a change of virus particles 
involved in the infection process (first hypothesis, p. 4). 
Experiments were designed to establish whether the decrease in 'residual 
infectivity' observed also occurred when apparently immune plants were in-
oculated. Leaves of broad bean were inoculated with TMV, epidermal tissue 
from two leaves was ground in 0.2 ml of distilled water and the 'residual in-
fectivity' was determined at 0, 2, 4, 6, 8 and 24 hr after inoculation. Results 
are shown in table 7. 
No decrease in infectivity was demonstrable, not even at 24 hr in most of the 
experiments. From this it can be concluded that the decrease in 'residual in-
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TABLE 7. The 'residual infectivity' of purified tobacco mosaic virus (TMV) applied to Vicia 
faba leaves, measured at different intervals after inoculation 
Time after 
inoculation 
(hours) 
0 
2 
4 
6 
8 
24 
1 
1390 
2354 
1298 
2133 
2504 
-
Experimentat 
2 3 
804 629 
1223 994 
802 546 
1003 773 
2215 415 
1119 1349 
4 
95 
86 
99 
104 
87 
61 
a
 Number of local lesions on ten assay leaves (expts. 1, 2 and 3) and lesions on the test half of 
the assay leaf as a percentage of those on the control half, inoculated with a standard TMV 
suspension of 0.01 mg/ml (mean of ten replicates; expt. 4). The assay leaves were inoculated 
with ground epidermal material taken from the test leaves at various times after inoculation. 
b
 The concentrations of the virus inocula were 10, 3, 3 and 3 mg/ml respectively, for the four 
experiments. 
fectivity' is not a universal phenomenon and that it primarily depends on the 
virus-plant combination used. 
In the following, attempts were made to verify the data concerning the de-
crease in 'residual infectivity' of TMV in French bean as has been reported by 
HARRISON (1956a) and KÖHLER (1958a). To this end, primary leaves of the 
'Beka' variety of French bean were inoculated with this virus. TMV-inoculated 
leaves of this variety do not react to the virus with local lesions and are con-
sidered to be immune. Leaf discs of 5 mm diameter were punched out with 
the aid of a cork borer and kept on wet filter paper for 0, 4, 8 and 24 hr. At 
each time 10 leaf discs were sampled, ground in 0.1 ml of distilled water and 
inoculated onto N. glutinosa leaves. The results in table 8 (columns L) show 
a distinct decrease in infectivity. These results are compatible with those re-
ported by HARRISON (1956a) and KÖHLER (1958a). 
Investigations were undertaken to find out whether substances excreted by 
the inoculated leaves might be responsible for the decrease observed. The 
technique used was the same as that described earlier (2.3). The general trend 
in all 6 experiments in table 8 was for the infectivity of the F / L samples to 
decrease but the time at which this occurred varied considerably. In all ex-
periments the 24 hr group had the lowest infectivity. From these data it became 
evident that rubbed leaves of the 'Beka' variety of French bean in contrast to 
those of 2V. glutinosa excreted substances that affected the infectivity. 
The following experiments were designed to determine whether inhibitory 
substances are present in sap from healthy bean leaves. The sap was stored at 
room temperature for 0, 2, 18, 24 and 48 hr after preparing, mixed 1 : 1 with 
a standard TMV suspension at a concentration of 0.02 mg/ml and subse-
quently inoculated onto 6 right leaf-halves of N. glutinosa. The control leaf-
halves (left) were inoculated with the standard TMV suspension diluted 1 : 1 
with distilled water. The following numbers of local lesions given as average 
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percentages of those on the controls were obtained: 86; 80; 92; 53; 39. A slight 
inhibition was visible at 0 hr. This remained unchanged until 24 hr, when a 
more pronounced decrease was observed. Similar results were obtained when 
the sap was mixed with the virus and stored together for the same periods (91 ; 
91; 88; 66; 47). It is uncertain whether inhibitory substances demonstrated in 
sap from leaves could also account for the decrease in infectivity shown in 
experiments with filter paper discs (table 8, columns F/L). 
TABLE 8. The infectivity of purified tobacco mosaic virus (TMV) applied to filter paper 
discs, placed on water-rubbed French bean leaf discs (F/L) and to French bean 
leaves (L), measured at intervals after inoculation 
•Time after 
application 
0 
4 
8 
24 
1 
F/L 
55 
52 
21 
19 
L 
-
-
-
2 
F/L 
115 
73 
74 
53 
L 
-
-
-
F/L 
53 
57 
136 
13 
Experiment8,6 
3 
L 
594 
522 
473 
112 
F/L 
149 
177 
75 
90 
4 
L 
457 
381 
127 
38 
5 
F/L 
89 
53 
53 
14 
L 
-
-
-
F/L 
104 
78 
75 
62 
6 
L 
237 
172 
64 
62 
* Number of local lesions on ten assay leaves (expts. 1, 2 and 3) and lesions on the test half 
of the assay leaf as a percentage of those on the control half, inoculated with a standard 
TMV suspension of 0.01 mg/ml (mean of ten replicates; expts. 4, 5 and 6). In experiments 
meant for determining the infectivity of virus applied to test leaves, the assay leaves were 
inoculated with ground leaf discs taken from the test leaves at various times after applica-
tion of the virus. 
b
 The concentrations of the virus inocula applied to the filter paper discs (F/L) were 0.01 
(exp. 1) and 0.02 mg/ml (expts. 2, 3, 4, 5 and 6). The French bean (Phaseolus vulgaris var. 
'Beka') leaves (L) were inoculated with a virus suspension at a concentration of 3 mg/ml. 
The foregoing data leave the possibility for the first hypothesis (p. 4) to be 
valid, namely that the decrease in 'residual infectivity' of TMV in N. glutinosa 
leaves is due to a change of the virus particles involved in the infection process. 
2.6. THE 'RESIDUAL INFECTIVITY' OF TMV APPLIED TO LEAVES OF 
RHOEO DISCOLOR 
In view of the different response obtained in experiments on the decrease in 
'residual infectivity' of TMV in N. glutinosa and broad bean, another virus-
plant combination was introduced in the present experiments. TMV and 
Rhoeo discolor were chosen because leaves of this plant are only susceptible to 
infection by TMV when brightly illuminated (BAWDEN, 1961; GORDON & 
SMITH, 1961). Leaves were cut into pieces of 6 cm2, inoculated and feebly il-
luminated for 24 hr. As no satisfactory epidermal preparations from Rhoeo 
leaves could be prepared in the usual way, the epidermis was scraped off from 
the underlying tissue. The material obtained was ground in 0.2 ml of distilled 
water and inoculated onto N. glutinosa leaves. 
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TABLE 9. The 'residual infectivity' of purified tobacco mosaic virus applied to Rhoeo discolor 
leaves, measured at intervals after inoculation 
Time after 
inoculation 
(hours) 
0 
2 
4 
6 
8 
24 
1 
438 
474 
316 
365 
403 
-
2 
210 
180 
259 
258 
303 
-
Experiment* 
3 
28 
14 
16 
24 
24 
-
4 
10 
-
6 
-
10 
2 
5 
9 
-
4 
-
6 
0 
6 
28 
-
20 
-
13 
10 
a
 Number of local lesions on eighteen assay leaves. The assay leaves were inoculated with 
ground epidermal material scraped off from the test leaves at various times after inoculation. 
b
 The concentrations of the virus inocula were 1,1, 0.07, 0.02, 0.02 and 0.02 mg/ml respec-
tively, for the six experiments. 
In all experiments recorded in table 9, no appreciable decrease occurred 
before 24 hr. 
With a view to assess the possibility that the decrease at 24 hr might have 
been caused by inhibitors, the same kind of experiments as described in 2.4 
were carried out to show a possible effect of stored sap from healthy Rhoeo 
leaves on the infectivity of TMV. The following number of local lesions were 
found when TMV was mixed with sap from Rhoeo leaves stored at 20°C for 
0, 2, 18, 24 and 48 hr after preparing: 137; 169; 110; 79; 71. The high per-
centages measured at 0, 2 and 18 hr point to an increase in infectivity due to 
an augmenter (BENDA, 1956) from the Rhoeo leaves. The data showed a de-
crease in infectivity at 24 and 48 hr. If a mixture of sap and TMV was stored 
for the same periods and subsequently inoculated onto assay leaves, a similar 
trend was observed as can be seen from the following numbers: 123; 127; 101; 
68; 55. These results indicate that the decrease in infectivity at 24 hr as shown 
in table 9 is very likely to occur due to the formation of inhibitors of infectivity 
in Rhoeo sap left, after washing of the inoculated leaves, in injuries made by 
rubbing with an abrasive. 
2.7. DISCUSSION 
The results described in this Chapter show that the decrease in 'residual in-
fectivity' during the first 24 hr after inoculation is a common phenomenon al-
though exceptions were observed. It is found that for different virus-plant 
combinations different factors may play a part in causing this decrease. The 
decrease in 'residual infectivity' of TMV in leaves could not be simply attri-
buted to an inactivation of the virus particles that adhere to the surface of the 
leaf (residual virus s.s.). On the one hand a purified TMV suspension absorbed 
by small filter paper discs and kept for 24 hr at room temperature did not show 
any decrease in infectivity and on the other hand sap from N. tabacum leaves 
infected with TMV did not show any reduction in infectivity after a storage 
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period of 48 hr at 20°C. These results are not necessarily conflicting with those 
reported by HARRISON (1956a) for sap from bean leaves containing Rothamsted 
tobacco necrosis virus which lost most of its infectivity after being dried in 
watch-glasses at room temperature and then resuspended in water. For, in the 
present experiments with TMV in vitro there was no question of drying out 
of the virus, nor could this have happened with leaves kept in petri dishes on 
wet filter paper and as such it is very unlikely that the decrease in 'residual in-
fectivity' of TMV in inoculated leaves could be ascribed to drying of the virus. 
It has also become obvious that TMV adhering to the leaf after inoculation 
does not necessarily show inactivation with time. This has been shown in ex-
periments with TMV inoculated onto leaves of broad bean. No decrease in 
'residual infectivity' was established for a period of 24 hr after inoculation. As 
broad bean is supposed to be immune to TMV it is tempting to presume that 
the constant amount of 'residual infectivity' must be ascribed to the absence of 
virus particles involved in the infection process so that the residual virus s.s. 
accounted for all the 'residual infectivity' measured. The reverse, however, 
does not hold good, i.e. it can not be taken for granted that the 'residual in-
fectivity' in plants immune to the virus used remains constant for 24 hr after 
inoculation. This became clear from the following observations. Experiments 
on the behaviour of TMV in the 'Beka' variety of French bean which is assumed 
to be immune to this virus showed an appreciable decrease in the 'residual in-
fectivity'. These investigations showed that the inoculated immune leaves also 
excreted substances that reduced the infectivity of the virus. Consequently, no 
comparisons can be made between the data reported by HARRISON (1956a), 
KÖHLER (1957a and b, 1958a and b, 1961, KERL ING (1962) and those men-
tioned in the current studies but attention has to be paid to the virus-plant com-
bination used. Moreover, data from the literature reveal that leaves examined 
for the amount of 'residual infectivity', were inoculated some times with virus-
containing plant sap, and at others with a purified virus suspension. The in-
oculum used may also influence the 'residual infectivity' because it is possible 
that a small amount of virus-containing sap left, after washing of the inocu-
lated leaves, in injuries made by rubbing with an abrasive will exert an inhibi-
tory action on the virus. In the present experiments carried out at room tem-
perature with TMV and N. glutinosa a decrease in 'residual infectivity' was al-
ways found during the first 4 to 8 hr after inoculation. No decrease could be 
established when the leaves were dipped in instead of rubbed with the TMV 
suspension. This fact supports the view that inactivation of the 'residual infect-
ivity' can not always be attributed to a degeneration of the virus itself as a 
result of ageing in vitro. 
No inhibitory substances could be shown in N. glutinosa by means of a 
method which had revealed the presence of such substances in bean leaves. It 
is, therefore, very likely that the decrease in 'residual infectivity' of TMV in 
N. glutinosa is due to a change of the virus particles concerned with the in-
fection process. This conclusion is not necessarily discrepant with the data 
reported by STEERE (1952). He counted the number of virus particles present 
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in extracts from TMV-inoculated tobacco leaves by means of the electron 
microscope and found that their number in samples taken at different times 
after inoculation remained constant till the moment at which multiplication 
occurred. This author, however, emphasized: . . . 'that this method does not 
measure the infectivity of a virus suspension, and should be regarded as a 
method supplemental to that of biological assay'. From the data obtained in 
the present study with TMV and N. glutinosa it may be surmised that from 
among the virus particles involved in the infection process, those which lost 
their infectivity were still electron microscopically indistinguishable from the 
infectious particles. Investigations carried out by GORDON & SMITH (1960, 
1961) and BAWDEN (1961) on infection of Rhoeo discolor with TMV have 
shown that the virus did not multiply appreciably when the leaves were in-
oculated with intact virus and feebly illuminated. If, however, NA prepared 
from TMV was used as inoculum, an increase in the amount of TMV in the 
leaves could be demonstrated in process of time. It is apt to think that, de-
pending on the circumstances, the plant fails to bring about the separation 
between the protein and the NA moiety of the virus required for a successful 
course of the infection. If the decrease of 'residual infectivity' observed in the 
present experiments with susceptible plants should be mainly attributed to a 
change of the virus particles involved in the infection process no decrease in 
'residual infectivity' of TMV in Rhoeo leaves is expected to occur, provided 
that no inhibitors from the leaf interfere with the infection. No decrease was 
in fact established during the first 8 hr after inoculation (table 9). These results 
were in contrast to those obtained with the immune 'Beka' variety of French 
bean, as has been mentioned before. In the latter case, however, inhibitors 
were found to be excreted by the bean leaves so that these substances could 
have accounted for the decrease. Besides the possibility should not be excluded 
that virus particles applied to some immune plants succeed in going through 
the initial stages of infection during which they undergo changes, but that they 
fail to enter into all the steps required because of a reaction of the plant, so 
that no virus synthesis can occur. 
HARRISON (1956a, 1959) suggested that abortion of a part of the particles in-
volved in the infection process may also occur during the course of infection in 
a susceptible plant. It is possible that the decrease in 'residual infectivity' of 
TMV in N. glutinosa observed in the present study is also partly attributable to 
some abortive steps in the infection process. 
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CHAPTER 3 
T H E P R E S E N C E O F N E W L Y - F O R M E D V I R U S I N 
E P I D E R M A L T I S S U E 
3.1. INTRODUCTION 
In the previous Chapter an analysis has been made of the 'residual infect-
ivity'. The data given in 2.3 show clearly that a distinction should be made 
between the virus particles which after inoculation and subsequent washing 
stick to leaves but do not take part in the infection process (residual virus s.s.) 
and those which actually come into contact with susceptible sites where they 
may go through the successive stages resulting in virus multiplication. 
Susceptible sites where infection has become established and where a local 
lesion is to be formed will be referred to as 'infective centres'. Although this 
term is commonly used in literature on plant viruses, so far a strict definition 
was lacking. 
In this Chapter, results of investigations on the time at which newly-formed 
virus can be detected in the lower epidermal cells of leaves, inoculated on the 
corresponding surface, will be discussed. The epidermis was stripped at dif-
ferent intervals after inoculation and assayed for virus content. 
Unless specified otherwise the materials and methods used were the same as 
those described in 2.2. 
3.2. LITERATURE 
It is known that after inoculation of a leaf the presence of newly-formed virus 
can be shown even before the symptoms appear. This phenomenon has been 
investigated for hosts in which there is a systemic spread of the virus ( H O L M E S , 
1930; U P P A L , 1934; Z E C H , 1952; S T E E R E , 1952; YARWOOD, 1952; RYZKOV 
& LOJDINA, 1954; KÖHLER, 1957a and b, 1958a, 1959, 1961; SCHRAMM & 
ENGLER, 1958; COCHRAN & THUNG, 1958; KASSANIS, 1959; E N G L E R & 
SCHRAMM, 1960; F R Y & M A T T H E W S , 1963) and for those which react by for-
mation of local lesions ( W H I T E , 1954; SUHOV & KAPICA, 1955; B A W D E N & 
HARRISON, 1955; HARRISON, 1956a and b ; KÖHLER, 1947, 1957b, 1958a, 
1959, 1961; COCHRAN & THUNG, 1958; KASSANIS, 1959). Only in a few cases, 
the virus-host combination TMV-N. glutinosa has been used (SUHOV & KAPICA, 
1955; HARRISON, 1956a and b ; KÖHLER, 1947, 1957b, 1958a, 1959, 1961; 
COCHRAN & THUNG, 1958; KASSANIS, 1959). As far as bio-assays were con-
cerned whole leaves were macerated invariably in all of the experiments with 
N. glutinosa carried out by the above-mentioned authors. In a preliminary note 
(DIJKSTRA, 1962), the present author has already reported some results ob-
tained with ground epidermal tissue assayed for virus content. 
The results of the investigations on early stages of T M V increase in N. glu-
tinosa have shown a great diversity in respect of the time after inoculation, at 
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which newly-formed virus became detectable viz. 40 .5 -49 hr at 2 0 ° C ( H A R -
RISON, 1956a), 48 hr at moderate temperature, 4 - 5 hr at 24°C , 12 hr at 24°C 
and 44 hr at 17°C (KÖHLER, 1958a, 1959, 1961), 1 hr at 30°C (COCHRAN & 
THUNG, 1958), 10 hr at 28°C and 22.5 hr at 25°C (KASSANIS, 1959). This 
diversity can be attributed not only to the different temperatures at which the 
experiments were carried out but also to the different assay methods used. 
SUHOV & K A P I C A (1955) claimed to have found that T M V started multiplying 
already during the first hour after inoculation. They dipped leaves of N. glu-
tinosa in 1% solution of KMnÜ4 for 5 seconds at different times after in-
oculation and noticed that only a few or no local lesions appeared if they gave 
that treatment immediately after inoculation. But if they did so after a few 
hours the infective centres seemed to increase their resistance to inactivation by 
the KMnÜ4 treatment, depending on the temperature. T o find out when virus 
multiplication started, they exposed test leaf-halves immediately after in-
oculation to a temperature of 31 °C for 1 or 2 hours while the control halves 
were placed at 5 and 6 ° C respectively, for the same period. After that both the 
test and the control leaf-halves were exposed to room temperature (20 °C) for 
5 or 4 hours. Finally all leaf-halves were treated with a KMnOé solution. The 
number of local lesions on the test halves proved to exceed those on the control 
halves by 166 % after one and 276 % after two hours at a temperature of 31 °C. 
Therefore SUHOV & KAPICA opined that the virus particles had already multi-
plied in the first or second hour after inoculation. 
COCHRAN & THUNG (1958) reported a latent period of 1 hour when they in-
cubated inoculated N. glutinosa leaves for some hours at 30°C and assayed 
them by means of a rapid crushing-inoculation for virus content at different 
times after inoculation. They inoculated leaves with a highly concentrated 
T M V suspension (7.5 mg/ml) and incubated them for various periods. After 
incubation the leaves were washed in running tap water, rinsed in T M V anti-
serum (diluted 1 : 1 5 ) and then rinsed in running tap water again before being 
assayed for virus. The authors observed a 3 to 4 fold increase in infectivity 
during the first hour at incubation but there was no further increase during the 
next two hours. 
Much confusion exists in the literature about the definition of the period 
between inoculation and the time at which first increase becomes detectable. 
In studies of bacteriophages this period is often called the 'eclipse period', i.e. 
the period when no intact phage particles are present in the infected cell. How-
ever, with plant virus some infectivity is nearly always to be found in samples 
taken after inoculation, but one can not say how much of it should be ascribed 
to the infectivity of residual virus s.S.; there is no way of establishing exactly the 
presence of a possible eclipse period. To get rid of the infectivity due to residual 
virus s.S., virus-NA has been used as inoculum because it loses its infectivity 
more readily than the intact virus particles and therefore does not contribute to 
'residual infectivity'. Although an early increase in virus content was reported 
(SCHRAMM & ENGLER, 1958; KASSANIS, 1959, 1960; DIJKSTRA, 1962), the 
moment at which virus started to increase could not be determined exactly be-
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cause of inadequacy of the available methods to detect the first new virus. 
STEERE (1952) used the terms 'unresolved period' and 'initial stationary 
phase'. UPPAL & CAPOOR (1940) introduced the term 'incubation period' to 
designate the initial period of multiplication of virus within the inoculated region 
before moving into the surrounding tissue, but MARAMOROSCH (1950) used the 
same term to mark the phase after acquisition of virus by leafhoppers during 
which infectivity cannot be demonstrated. The term 'latent period' used by 
YARWOOD (1952), to denote 'the time after successful inoculation during which 
no increase in the infective agent is detected by the methods used', seems to be 
more appropriate because of its clear definition and the fact that it is more 
commonly accepted than the others. Unfortunately, however, this term also has 
been used by some authors in a completely different way, e.g. WHITE (1954) 
states that the 'interval of time between inoculation and the appearance of 
either local lesions or systemic symptoms' is known as the latent or incubation 
period. In the following, henceforth, the term 'latent period' will be used as 
defined by YARWOOD (1952). 
3.3. THE REMOVAL OF SURFACE VIRUS (RESIDUAL VIRUS S.S.) 
In order to determine the time at which newly-formed virus becomes de-
tectable in the epidermal cells, it was necessary to find a method to remove the 
greater part, if not all of the residual virus s.s. 
The leaves can be rid of much of the excess inoculum by rinsing them under 
running tap water immediately after inoculation. YARWOOD (1952) investigated 
how much virus deposited on the leaf surface could be removed by this treat-
ment. Leaves to which the inoculum was applied by inoculation with Carbo-
rundum or by spraying were assayed for virus before and after washing. He 
found that after washing only 6.2% of the original amount of 'residual infect-
ivity' was left on leaves inoculated by means of Carborundum and 0.087% on 
those sprayed with the virus suspension. In the present experiments in which 
Carborundum-dusted leaves were inoculated with virus at a concentration of 
0.02 mg/ml, an average value of 2% was obtained. As even this amount of 
residual virus s.s. might obscure the detection of a very small amount of newly-
formed virus, an attempt was made to reduce the 'residual infectivity' by other 
means. 
The following compounds were tested for their ability to offset the 'residual 
infectivity': soap solution (pH 10.4), borax-NaOH buffer (pH 10.2) and 1 : 1 
diluted TMV-antiserum. These compounds were first tested for any possible 
harmful effects on infection. Ten N. glutinosa leaves were inoculated, rinsed 
with running tap water for one minute and subsequently cut along the mid-rib. 
The left half of the leaves was either dipped in one of the compounds to be 
tested (buffer, soap solution) followed by dipping in distilled water, or brushed 
with a soft painter's brush moistened with the liquid (antiserum). The right 
halves (controls) were either dipped in or brushed with distilled water, cor-
responding to the treatment applied to the left halves. Subsequently both left 
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and right halves of the leaves were rinsed under running tap water for one 
minute. 
Table 10 shows that buffer and soap solution did not affect the number of 
local lesions on the inoculated leaf-halves but antiserum gave a reduction (the 
percentages were 69 and 65 for the two experiments, respectively). In a review 
on serological reactions of plant viruses presented by BAWDEN (1950), anti-
serum is classified among the so-called inhibitors of infection on account of the 
TABLE 10. Effect of three compounds, applied to Nicotiana glutinosa leaves after inoculation, 
on the infection with tobacco mosaic virus (TMV) 
Half-leaves 
treated with 
borax-NaOH buffer 
soap solution 
diluted TMV-antiserum 
f b 
258 
402 
215 
1 
0= 
272 
415 
314 
Experiment* 
T/C x 100 
95 
97 
69 
T 
273 
306 
170 
2 
C 
252 
304 
263 
T/C x 100 
108 
101 
65 
a
 The concentrations of the virus inocula were 0.001 mg/ml for the two experiments. 
b
 Number of local lesions on ten half-leaves treated with one of the compounds mentioned. 
0
 Number of local lesions on ten control half-leaves treated with water. 
fact that antiserum added to a virus suspension caused an inhibition of in-
fection. In accordance with the results obtained by RAGETLI (1957) and VAN 
KAMMEN et al. (1961) in their studies on inhibitors from carnation sap, anti-
serum applied to leaves, immediately after inoculation, had an inhibitory effect 
on the virus infectivity, as has been shown in the above-mentioned experiments. 
It is possible that this inhibition has been caused both by displacement of some 
of the virus at a susceptible site by the inhibitor and by combination between 
the inhibitor and the virus. 
The next experiments were intended to examine the extent to which the 
compounds applied would be effective to offset the residual virus s.s. One batch 
of the inoculated leaves was dipped in the liquids to be tested and the other was 
brushed with a painter's brush moistened with each of the above compounds. 
After treatment the leaves were rinsed under running tap water for one minute. 
The epidermis was removed from each of three leaves of a batch, ground 
separately as described in 2.2 and the sap obtained was inoculated onto two 
assay leaves of N. glutinosa at a time. 
Table 11 shows that only the treatment with antiserum reduced the 'residual 
infectivity' to a considerable extent. The results with other compounds demon-
strate that in most cases brushing of the leaves caused a greater reduction of the 
number of local lesions than did dipping. Borax-NaOH buffer and soap so-
lution were almost equally effective. 
Since it appeared from data given in table 10 that treatment with antiserum 
also resulted in a decrease of the number of local lesions on the leaves to which 
it was applied, a search was made for another compound as effective as the 
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TABLE 11. The ability of several compounds to offset the 'residual virus infectivity' after 
inoculation of Nicotiana glutinosa leaves with tobacco mosaic virus (TMV) 
Leaves treated 
with 
Water (Dc) 
Water (Bc) 
borax-NaOH buffer (D) 
borax-NaOH buffer (B) 
soap solution (D) 
soap solution (B) 
diluted TMV-antiserum (B) 
1 
21 
12 
26 
19 
12 
18 
6 
Experiment8,110 
2 
112 
86 
64 
33 
63 
35 
8 
3 
68 
66 
74 
35 
63 
69 
20 
a
 Average number of local lesions per assay leaf. The assay leaves were inoculated with ground 
epidermal material taken from the test leaves immediately after treatment. 
b
 The concentrations of the virus inocula were 0.01 mg/ml for the three experiments. 
0
 Compounds applied to the leaves by dipping (D) or brushing (B). 
antiserum to remove residual virus s.s. but without a secondary effect on the 
infection process. Special attention was paid to compounds with a high pH 
which might exercise a strong influence on the residual virus s.s. For this pur-
pose a 1% KOH solution (pH 13.0) was chosen and applied to the inoculated 
leaves in two different ways as described earlier. Experiments were carried out 
to establish whether this compound would be able to remove the surface virus 
and whether there would be any harmful effect on infection itself. Comparisons 
were made between the effect of both antiserum and 1 % KOH solution. Leaves 
treated with water only were again used as a control (table 12). 
Results show that 1% KOH applied by brushing reduced the number of 
local lesions in the inoculated leaves to about the same extent as antiserum did; 
at the same time it was twice as effective as the latter so far as its capability to 
offset 'residual infectivity' was concerned. Dipping in KOH solution gave a 
reduction comparable with the one caused by antiserum treatment (36 and 
27%, respectively) but it did not affect the number of local lesions in the in-
oculated leaves (103%). Moreover, antiserum has possibly the great disadvan-
tage of inactivating not only the residual virus s.s. and some virus at the sus-
ceptible sites but also the first newly-formed virus particles in the epidermal 
cells, as already suggested by KASSANIS (1959) referring to the experiments 
reported by SCHRAMM & ENGLER (1958). 
Because of the fact that brushing with KOH was about two to three times as 
effective as brushing with antiserum or dipping in KOH, the first treatment 
was used in the following experiments in spite of some reducing effect on the 
infection. For, it is likely that this effect is less specific than that caused by anti-
serum so that the treatment probably will affect some virus particles at the sus-
ceptible sites but not the newly-formed virus. 
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3.4. THE INFECTIVITY OF EXTRACTS MADE FROM EPIDERMAL TISSUE AT 
DIFFERENT INTERVALS AFTER INOCULATION 
3.4.1. Inoculation with whole virus 
Nicotiana glutinosa leaves were inoculated in the same way as described in 
2.2. Every 1.5 or 2 hr after inoculation the epidermal layers of three leaves 
were stripped off and ground separately in a mortar with 0.1 ml of distilled 
water. Each sample was inoculated onto the upper surface of six N. glutinosa 
assay leaves. To examine whether treatment with 1 % KOH affected the mini-
mum time at which newly-formed virus would be demonstrable one of the 
three experiments recorded in table 13 was carried out without this treatment. 
In this case leaves were only rinsed off under running tap water for one minute. 
The temperature at which the leaves were kept after inoculation varied between 
18 and 22°C in all three experiments. 
TABLE 13. The time at which newly-formed tobacco mosaic virus is demonstrable in epidermal 
tissue of Nicotiana glutinosa leaves at temperatures that varied between 18 and 
22 °C in the three experiments 
Time after inoculation 
(hours) 
0 
1.5 
2 
3 
4 
4.5 
6 
7.5 
8 
9 
10 
10.5 
12 
13.5 
14 
15 
16 
16.5 
18 
19.5 
20 
1 
21 
26 
-
27 
-
24 
52 
52 
-
23 
-
38 
59 
55 
-
44 
211 
211 
775 
820 
-
Experiment*0 
2 
19 
118 
-
182 
-
103 
65 
12 
-
73 
-
156 
77 
74 
-
179 
-
340 
1108 
1967 
-
3 
119 
-
32 
-
29 
-
14 
-
30 
-
31 
-
32 
-
33 
-
110 
-
350 
-
627 
a
 Number of local lesions on eighteen assay leaves inoculated with macerated epidermal 
tissue stripped from test leaves at various times after inoculation. 
b
 The concentrations of the virus inocula were 0.1, 0.1 and 0.05 mg/ml respectively, for the 
three experiments. 
0
 In the expts. 1 and 2 the test leaves were treated with 1 % KOH and in expt. 3 with water 
only prior to removal of the epidermal tissue. 
Meded. Landbouwhogeschool Wageningen 64-2 (1964) 25 
Table 13 shows that an appreciable increase in the number of local lesions 
became visible on the assay leaves inoculated with samples from epidermal 
tissue stripped off 16-16.5 hr after inoculation. Treatment with 1% KOH did 
not affect this time. The decrease in the amount of recovered virus during the 
first hours, as mentioned in Chapter 2, only occurred in experiment 3 (table 13) 
where no KOH treatment was given. An explanation for this phenomenon 
might be that the virus particles attached to susceptible sites are less stable than 
those of the residual virus s.s. and therefore become more readily inactivated 
when epidermal tissue is ground in the presence of a small quantity of KOH left 
on the surface of the leaf after rinsing. 
YARWOOD (1952) reported that newly-formed virus could be demonstrated 
in samples from tobacco leaves in the 14th hr after inoculation at 25 °C. This 
might indicate that the duration of the latent period for TMV in tobacco and 
N. glutinosa is about the same. This has also been found by KASSANIS (1959). 
According to YARWOOD'S findings the concentration of the virus inoculum did 
not seem to be of much importance in determining the duration of the latent 
period. 
3.4.2. Inoculation with virus-NA as compared with that with whole virus 
In order to find out whether the newly-formed virus would appear sooner 
TABLE 14. The time at which newl; yf-formei 
epidermal tissue of Nicotiana gl 
or its nucleic acid (NA) 
d tobac 
utinosa 
xo mosaic virus (TMV) is d emonstrable in 
! leaves after inoculation with either TMV 
Experimentab 
Time after 
1 A * 
inoculation (hours) 
TMV 
0 10 
2 6 
4 22 
6 19 
8 7 
10 3 
12 5 
14 62 
16 233 
18 801 
20 1040 
1 
NA 
1 
1 
1 
0 
1 
0 
6 
8 
91 
110 
195 
Inoculum0 
2 
TMV 
66 
-
8 
14 
27 
19 
35 
42 
73 
161 
600 
NA 
0 
-
1 
1 
1 
2 
9 
36 
110 
770 
1969 
a
 Number of local lesions on eighteen assay leaves inoculated with epidermal tissue stripped 
off at various times after inoculation of the test leaves. 
b
 The temperatures at which the test leaves were kept after inoculation varied between 20 and 
22 °C in both experiments. 
c
 The concentrations of the virus inocula were 0.01 mg/ml, those of the NA preparations were 
0.6 and 1.1 mg/ml respectively for the two experiments. 
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in plants inoculated with NA than with intact TMV, as mentioned by SCHRAMM 
& ENGLER (1958), ENGLER & SCHRAMM (1959) and KASSANIS (1959), leaves 
were inoculated with either NA or whole virus. Parts of these experiments have 
already been published in a preliminary report (DIJKSTRA, 1962). 
Nucleic acid preparations were obtained by the phenol method of GIERER 
& SCHRAMM (1956). Two ml of purified TMV were mixed with two ml of 
M/15 phosphate buffer (pH 7). Four ml of water-saturated phenol were 
added. The mixture was shaken vigorously for one minute and separated by 
centrifugation at 10,000 rpm. The water phase containing the NA was shaken 
with 40 ml of ether in a separating funnel to remove the residual phenol. The 
whole procedure was carried out at a temperature of 0°C. Infectivity tests 
were performed to establish a concentration of TMV with comparable in-
fectivity. The inoculated leaves were only rinsed with running tap water and 
kept at a temperature which varied between 20 and 22 °C in each experiment. 
The results are shown in table 14. 
With NA as inoculum an increase in the number of local lesions occurred 
approximately 2 hr earlier than with complete virus. KASSANIS (1959) found 
more or less a similar difference in his experiments carried out at different 
temperatures. SCHRAMM & ENGLER (1958) and ENGLER & SCHRAMM (1959) 
in their experiments with 'Samsun' tobacco leaves, however, reported a differ-
ence of 10 hr at temperatures which varied between 23 and 27°C. 
3.4.3. Effect of the temperature 
In order to confirm the observations of YARWOOD (1952) and KASSANIS 
(1959) on the shortening effect of higher temperatures on latent periods, the 
same series of experiments with TMV and its NA were carried out at the fol-
lowing temperatures: 28, 31, 36 and 40°C. Leaves were detached, placed in 
petri dishes on wet filter paper and kept in an incubator for one night at one of 
the above temperatures. Next day the leaves were inoculated on the lower 
surface, treated with 1 % KOH and rinsed under running tap water. After this 
treatment they were replaced in the incubator at the same temperatures as 
before inoculation for various times. The results are shown in table 15 and 
fig. 1. 
At 28 and 31 °C the presence of newly-formed virus was indicated at 6 and 
8 hr after inoculation with NA and TMV respectively. A latent period of 8 hr 
for TMV is comparable with the one found by YARWOOD (1952) with this 
virus in tobacco, at 31 °C. 
In the experiments carried out at 36°C (table 15) no appreciable increase in 
infectivity of extracts from TMV-inoculated leaves could be demonstrated; 
but in case of the extracts from NA-inoculated leaves, results in two of the three 
experiments at the same temperature showed a definite increase at 8 hr. 
At 40°C there was no increase detectable either in the TMV or in the NA-
inoculated leaves. 
As 28, 30 and 31°C have been reported to be the optimal temperatures for 
the multiplication of TMV in N. glutinosa (SUHOV & KAPICA, 1955), tomato 
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TABLE 15. The time at which newly-formed tobacco mosaic virus (TMV) is demonstrable in 
epidermal tissue of Nicotiana glutinosa leaves exposed to different temperatures 
after inoculation with either TMV or its nucleic acid (NA) 
Inoculum3, 
Time TMV 
after 
inocu- , j 
lation 28 | 31 | 36 
NA 
Temperature (°C) 
40 28 31 36 40 
(hours) 
0 
2 
4 
6 
8 
10 
12 
14 
1 
6 
2 
5 
2 
39 
244 
369 
707 
2 3 
1 -
0 9 
2 15 
2 7 
9 80 
16 106 
531256 
4 
14 
18 
10 
15 
222 
-
915 
5 
5 
2 
1 
5 
9 
4 
6 
5 
2 
5 
3 
5 
10 
7 
7 
7 
12 
1 
0 
4 
Experiment* 
8 9 
0 7 
0 2 
2 0 
2 1 
0 1 
0 4 
1 2 3 
- 0 -
- 0 3 
- 0 1 
- 7 21 
- 3 50 
- 14 854 
- 14 708 
4 
0 
2 
1 
17 
707 
-
879 
5 
0 
3 
1 
3 
8 
11 
6 7 
0 2 
1 3 
5 2 
1 9 
14 2 
43 4 
8 9 
0 0 
0 2 
0 1 
2 1 
2 0 
0 1 
a
 The concentrations of the virus inocula were 0.02 mg/ml for all experiments except for 8 and 
9 where the concentration was 0.01 mg/ml; those of the NA preparations were 1.1 mg/ml 
for all experiments. 
b
 Number of local lesions on eighteen assay leaves inoculated with epidermal tissue stripped 
off at various times after inoculation. 
o TMV 
x NA 
4 6 8 10 12 
Time after inoculation (hours) 
FIG. 1. Increase of tobacco mosaic 
virus in leaves of Nicotiana glutinosa at 
28 °C after inoculation with whole virus 
(TMV) or nucleic acid (NA). 
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aucuba mosaic virus in N. glutinosa (HARRISON, 1956b) and TMV in tobacco 
(YARWOOD, 1952) respectively, it is likely that the shortest latent periods are 
found near these temperatures. 
Experiments were also carried out to examine the effect of high tempera-
tures, applied to inoculated leaves, on the final number of lesions. Four leaves 
were inoculated with TMV or NA, kept at one of the above temperatures (28, 
31, 36 or 40° C) for periods ranging from 0 to 10 hr and the controls were put 
at 20°C immediately after inoculation. Approximately the same numbers of 
local lesions appeared on the four leaves irrespective as to whether the leaves 
were placed at 20°C immediately after inoculation or withdrawn only after 
10 hr. This has also been reported by KASSANIS (1952) who exposed TMV-
inoculated leaves of N. glutinosa to 36°C for one day. However, his results 
obtained with this virus-host combination varied considerably and sometimes 
the heated plants produced 50% less local lesions than the controls kept at 
room temperature. 
3.4.4. Increase in infectivity of extracts from epidermal tissue as a result of 
virus multiplication in the epidermis 
HARRISON (1956a) suggested that 'If, as seems probable, the time to reach 
the mesophyll is occupied by virus from the inoculum multiplying in the epider-
mis, the first lot of virus produced in the epidermis is not detected in leaf ex-
tracts, possibly because there is too little of it. The first increase in infectivity 
may represent the beginning of virus formation in these secondarily infected 
cells, of which there will probably be many more than the epidermal cells in-
fected by inoculation'. 
Results obtained from the present studies using extracts from epidermal tis-
sue go to show that virus multiplying in the epidermal cells was detectable. 
However, two objections might be put forward against this conclusion, viz. 
1. There were always a few cells belonging to the spongy parenchyma which 
adhered to the stripped epidermis. Multiplication of the virus might have oc-
curred in these cells. 
2. The inoculated virus particles may spread to the mesophyll cells where 
multiplication takes place and from there the newly-formed virus may move 
into the epidermal cells. 
Concerning the first point: Microscopical examination of the epidermal 
strips showed that on an average one spongy parenchyma cell was present for 
every 3-4 epidermal cells but the cellular contents of the former were negligible 
in comparison with those of the epidermal cells; most of these parenchyma 
cells were empty as a result of rupture due to the stripping process. It is, there-
fore, very unlikely that these cells accounted for the increased infectivity ap-
proximately 6 to 8 hr after inoculation. 
With a view to judge the validity of the second point, attempts were made to 
get direct evidence for multiplication of the virus in epidermal cells by isolating 
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this tissue immediately or two hours after inoculation. The epidermal strips 
were placed on moist filter paper and kept there for a 20 hr period. Every two 
hours the amount of virus was determined by grinding the tissue in the same 
way as in the earlier experiments. But no increase could be detected even after 
a period of 20 hr at a temperature of 24 °C. A possible explanation may be 
that the epidermal cells were too severely injured to support virus multiplica-
tion any longer. Therefore, indirect evidence for multiplication in the epi-
dermal cells was sought. 
Experiments were carried out in which the epidermis was stripped off at 
different times after inoculation as described in 3.4. At the same time leaf discs 
of 5 mm diameter were taken from the parts of the leaf from which the epider-
mis had been removed. Epidermal strips were ground in the usual way, while 
the samples consisting of five leaf discs deprived of epidermis were macerated 
in 0.1 ml of distilled water and each sample was assayed on six leaves. 
TABLE 16. The time at which newly-formed tobacco mosaic virus is demonstrable in both 
epidermal and underlying tissue of Nicotiana glutinosa leaves 
Time after 
inoculation 
(hours) E 
1 
Experimentabc 
L E 
2 
L 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
9 
7 
10 
2 
9 
5 
18 
23 
27 
69 
398 
0 
0 
0 
0 
0 
0 
0 
2 
1 
7 
71 
3 
13 
19 
7 
13 
12 
18 
13 
11 
150 
161 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
12 
a
 Number of local lesions on eighteen assay leaves inoculated with either epidermal tissue (E) 
stripped off at various times after inoculation or macerated leaf-discs (L) taken from parts of 
the leaf devoid of epidermis. 
bThe temperatures at which the test leaves were kept after inoculation were 24 and 20 °C 
respectively, for the two experiments. 
0
 The concentrations of the virus inocula were 0.01 mg/ml. 
In experiment 1 (table 16) there was an initial visible increase in infectivity 
with samples from epidermal tissue at 12 hr, and in the case of leaf discs only 
some hours later (at 18 hr) newly-formed virus could be detected. In experi-
ment 2 the increase was, indeed, detectable simultaneously (at 18 hr after in-
oculation) in both samples, but the amount of virus in the epidermal tissues 
exceeded many times that in the leaf discs material, as it did also in experi-
ment 1. This result points to multiplication in the epidermal cells prior to that 
in the underlying tissue. Objections could, however, be raised against this con-
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elusion because it was possible that the delayed appearance of newly-formed 
virus in the underlying tissue was due to the presence of an inhibitor of infection 
in these chloroplast-containing cells. Such a possibility is unlikely to exist be-
cause experiments described previously (2.4) did not show the presence of an 
inhibitor in sap from N. glutinosa leaves when mixed with TMV and subse-
quently inoculated onto leaves of this plant. BLASZCZAK et al. (1959) who com-
pared the inhibitory effect of sap from several plant species found a stimulatory 
effect on the infection of Gomphrena globosa with potato virus X when the 
virus suspension was mixed with sap from N. glutinosa leaves. 
The following procedure was used to reinvestigate the presence or absence 
of an inhibitor. Five leaf discs devoid of epidermis were ground and the sap 
obtained was mixed with an equal volume of TMV suspension at a concen-
tration of 0.01 mg/ml and inoculated onto ten assay leaves. In the same way 
comparable amounts of sap from ground epidermal tissue mixed with virus 
were assayed. The virus suspension diluted 1 : 1 with distilled water was used 
as a control. 
TABLE 17. Comparison of the effect of sap from ground epidermal tissue (E) and leaf 
discs devoid of the lower epidermis (L) on the infection with tobacco mosaic 
virus (TMV) in Nicotiana glutinosa leaves 
Inoculum Experiment*
6 
1 
TMV + E 210 34 
TMV + L 192 31 
TMV + water 192 40 
a
 Average number of local lesions per assay leaf. 
b
 The concentrations of the virus suspensions were 0.01 and 0.001 mg/ml respectively, for 
the two experiments. 
Table 17 shows that there was no difference between the number of local 
lesions caused by either of the three samples which made it obvious that in-
hibitors did not interfere with the infection. It is therefore likely that the in-
crease in virus demonstrated in the above-mentioned experiments may be at-
tributed to multiplication of the inoculated virus particles in the epidermal cells. 
3.5. DISCUSSION 
Experiments carried out at 36°C showed that the infective centres of NA 
were less affected by the high temperatures than those of TMV. These results 
are in contrast to those obtained by KASSANIS (1959). He found that exposing 
N. glutinosa leaves to 37°C immediately after inoculation with TMV or its NA, 
affected the infective centres of NA to a greater extent than those of TMV; 
when leaves kept at 20 °C were inoculated with TMV or NA and subsequently 
exposed to an air temperature of 37°C for a day, at different intervals after in-
oculation, the infective centres of NA took between 90 and 120 min to become 
Meded. Landbouwhogeschool Wageningen 64-2 (1964) 31 
as resistant as those of TMV. The same author reported further that a shorter 
period after inoculation was needed for the infective centres initiated by NA to 
become resistant to inactivation at 37 °C, if the plants to be inoculated were 
kept at high temperatures before the treatment. 
It has been established by KASSANIS (1952) that exposing N. glutinosa plants 
to high temperatures (ca. 36°C) for 6 hr to 2 days before inoculation increased 
the susceptibility to infection with TMV. 
The increase in infection by extracts from NA-inoculated leaves, in contrast 
to no increase by extracts from TMV-inoculated leaves, reported in the present 
experiments carried out at 36 and 40 °C, could be explained in the following 
way. High temperatures affect the virus multiplication by slowing it down and 
finally ceasing the whole process. In the case of NA-inoculated leaves, shortly 
after the treatment, multiplication may start and continue at a slow rate due to 
the infective NA being 'free'. If, on the other hand, TMV is inoculated, the in-
tact particles are supposed to discard their protein coats before they can reach 
the appropriate sites for multiplication, and this process as that of multiplication 
might be impeded by high temperatures; this factor becomes an obstacle in 
making the minimum number of particles available for detection by infectivity 
tests. 
KASSANIS (1957) stated that TMV was broken down in vivo when TMV-
inoculated tobacco plants were exposed to 36°C for 24 days. It is not very 
likely that inactivation of newly-formed virus particles at 36 and 40°C could 
explain the lack of increase in infectivity observed, because inoculated leaves 
kept at those temperatures for different periods had about the same number 
of local lesions as the controls left at 20°C. The rate of inactivation of TMV at 
these temperatures has been reported to be very slow (KASSANIS, 1957) in 
contrast to that of TNV in French beans at 30°C (HARRISON, 1956b). 
HARRISON (1956a) assumed, on the basis of experiments with TNV and 
French bean, that the first increase in infectivity represented the beginning of 
virus formation in the mesophyll cells. 
As has been shown in the above-mentioned results, it becomes obvious from 
the present studies with stripped epidermal and the underlying tissue, that 
HARRISON'S explanation does not hold in this case. It is even more likely that a 
good deal of infectivity detected by KASSANIS (1959) could be ascribed to new 
virus present in the epidermal cells. 
SUHOV & KAPICA (1955) who concluded from their experiments involving 
inactivation of infection by KMnQi treatment that TMV started multiplying 
already during the first hour after inoculation did not prove that the increase 
in number of local lesions measured was due to an early virus multiplication. 
It is equally possible that processes preceding virus multiplication were speeded 
up by the one and two hour exposure at 31°C so that a good deal of the in-
fectious entities passed quickly through the initial stages and became soon 
shielded from inactivation by KMnOé in contrast to the control leaf-halves 
which were kept at very low temperatures. 
The results obtained by COCHRAN & THUNG (1958) who reported a latent 
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period of 1 hour when they incubated inoculated N. glutinosa leaves at 30°C, 
do not appear to be very convincing. Although they had assumed that nearly 
all surface virus was rendered non-infective by the antiserum, it was possible 
that the amount of infectivity detected by them was due to residual virus s.s. 
It is clear from their graphs that even at time 0, some virus infectivity was 
demonstrable; the present experiments also showed that not all residual virus 
s.s. could be removed by the antiserum, especially not when a high virus con-
centration was used. The increase in infectivity after one hour could be ex-
plained by the fact that leaves immediately washed after inoculation had less 
'residual virus' than those treated after incubation periods of 1 or 2 hours when 
the inoculum on the leaves was dried. Moreover, it is hard to understand why 
the observed increase after one hour did not continue. It must, therefore, be 
concluded that their experiments have not provided conclusive evidence that 
virus multiplication already started during or at the end of the first hour after 
inoculation. 
The length of the latent period found in the present studies at 28°C after 
inoculation with either TMV or NA is in agreement with the one mentioned by 
KASSANIS (1959). 
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CHAPTER 4 
T H E P R E S E N C E O F V I R U S I N T I S S U E S B E L O W 
T H E E P I D E R M I S 
4.1.INTRODUCTION 
In sequence of the study in previous Chapter, the question arose whether the 
time of first detectable increase of newly-formed virus in the epidermal cells is 
correlated with that at which infectious entities have reached the mesophyll 
cells. Therefore, it was investigated how long it took for infectious material to 
move from the epidermis into the underlying tissues. 
Attention was also paid to the time required for infectious entities to move 
from the upper to the lower epidermis. 
The experiments were carried out according to the methods described by 
UPPAL (1934), WELKIE & POUND (1958), and as described in a preliminary 
note (DIJKSTRA, 1962). 
4.2. LITERATURE 
UPPAL (1934) studied the time at which infectious entities reached the meso-
phyll. He stripped off the lower epidermal layer of Nicotiana sylvestris leaves 
at different times after inoculation and established the presence of TMV in the 
leaf areas devoid of epidermis by bio-assay. He reported that virus had reached 
the mesophyll cells as early as 4 hr after inoculation at temperatures which 
varied between 24 and 30°C. 
WELKIE & POUND (1958) also examined the rate of passage through the 
epidermis, using Vigna sinensis and cucumber mosaic virus as the host-virus 
combination. They exposed the leaves immediately after inoculation to dif-
ferent temperatures (16, 20, 24 and 28 °C), stripped off the epidermis at hourly 
intervals and counted the number of local lesions on unit areas devoid of epi-
dermis. They observed that it took 9, 5, 3 and 2 hr respectively, at the four 
temperatures mentioned above for the first virus to pass through the epidermis. 
The time at which infectious entities arrive at the mesophyll cells has also 
been studied by other means. SUHOV & KAPICA (1955) who dipped inoculated 
leaves in KMn04 solution as described in Chapter 3, determined the minimum 
time interval between inoculation and dipping required for the virus to become 
resistant to this treatment. As they assumed that treatment with KMnOé de-
stroyed the epidermal cells or caused inactivation within them, they claimed to 
have established the minimum time after inoculation at which the virus spreads 
from the epidermis into the surrounding cells. The following times have been 
found by these authors: 6 hr at 31 °C; 5 hr at 28°C; 26 hr at 18 °C. 
BAWDEN & HARRISON (1955) and others estimated the average time needed 
for Rothamsted tobacco necrosis virus to multiply in the epidermal cells and 
invade the mesophyll, by irradiation of the inoculated leaves with ultraviolet 
light. This subject will be treated at length in Chapter 5. 
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In a preliminary note (DIJKSTRA, 1962), the present author has already re-
ported some results from experiments on translocation of virus from the epi-
dermal cells. 
4.3. THE TIME AT WHICH INFECTIOUS MATERIAL INVADES THE 
MESOPHYLL CELLS 
4.3.1. Inoculation with whole virus 
The experiments were carried out in combination with those described in 
3.4.1. Leaves were inoculated in the usual way and their epidermal tissue was 
stripped off at different times after inoculation. From the areas devoid of epi-
dermis, discs of 5 mm diameter were punched out with a cork borer and placed 
on moist filter paper in petri dishes. After three days the number of local lesions 
on these discs were counted. The results are shown in table 18. The experi-
ments 1 and 2 correspond with the numbers 2 and 3 recorded in table 13. 
TABLE 18. The time at which infectious material has reached the mesophyll cells of Nico-
tiana glutinosa leaves after inoculation of the lower leaf surface with tobacco mo-
saic virus 
Time after 
inoculation 
(hours) 
0 
1.5 
2] 
31 
4J 
4.5 
6 
7.5 
8 
9 
10 
10.5 
12 
13.5 
14 
15 
16 
16.5 
18 
19.5 
20 
Experiment3*0 
1 
0 
0 
-
0 
-
0 
0 
0 
-
0 
-
7 
41 
51 
-
60 
-
98 
130 
112 
-
2 
0 
-
0 
-
0 
-
0 
-
0 
-
4 
-
29 
-
66 
-
77 
-
128 
-
80 
8
 Number of local lesions on one hundred leaf discs from which the epidermis was remo-
ved at various times after inoculation. 
b
 The temperatures at which the leaves were kept after inoculation varied between 20 and 
22°Cinbothexpts. 
c
 The concentrations of the virus inocula were 0.1 mg/ml. The leaves in expt. 1 were treated 
with 1 % KOH prior to removal of the epidermal tissue. 
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Table 18 shows that infectious entities had invaded the mesophyll cells 10-
10.5 hr after inoculation. This time is much longer than the one mentioned by 
WELKIE & POUND (1958) for the same temperature (20°C). This difference 
may be ascribed to the different host-virus combination used. It is also possible 
that the longer time is due to the spongy parenchyma cells adhering to the epi-
dermal strips, as mentioned in Chapter 3. If the latter were true, the infectious 
entities had to invade another layer of mesophyll cells before their presence in 
the leaf discs could be detected. 
A comparison made between the results recorded in tables 13 and 18 shows 
that infectious material has reached the mesophyll cells long before an increase 
in virus content in the epidermal cells (after 16—16.5 hr) could be detected. 
This difference could possibly be attributed to the crudity of the inoculation 
methods used as has already been suggested by BAWDEN & HARRISON (1955). 
The number of virus particles in the inoculum needed for getting one local 
lesion are about 105 (STEERE, 1955; SCHRAMM & ENGLER, 1958), whereas a 
single particle may be sufficient to be translocated from epidermis into meso-
phyll cells. 
The results obtained in the present studies are completely in contrast to those 
mentioned by KONT AXIS (1961). He inoculated N. glutinosa leaves on the up-
per surface with TMV and removed the upper epidermis after 3, 3.5, 20 and 
21 hr after inoculation. He could not establish local lesions on the stripped 
areas, not even in the 20 and 21 hr series. However, when he tested the areas 
devoid of epidermis for the presence of virus these bio-assays always revealed 
infectivity, even in the 3 hr series. 
In order to find out whether this discrepancy between the results of KONT AXIS 
and those obtained from the present studies was due to the fact that in his ex-
periments always the upper epidermis was removed, a series of experiments 
TABLE 19. The time at which local lesions appear on Nicotiana glutinosa leaves from which 
either the upper or the lower epidermis was removed following inoculation of the 
upper or the lower surface respectively with tobacco mosaic virus 
Time after 
inoculation 
(hours) 
0 
3 
3.5 
20 
21 
upper 
1 
0 
0 
-
-
20 
epidermi 
Leaves devoid of 
Is lower epidermis 
Experimentabc 
2 1 2 
0 0 0 
0 0 0 
0 - 0 
53 - 49 
53 43 
a
 Number of local lesions on one hundred leaf discs from which the epidermis was removed 
at various times after inoculation. 
b
 The concentrations of the virus inocula were 0.02 mg/ml. 
c
 After inoculation the leaves were maintained at a temperature of 22 °C. 
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were performed in which some leaves were inoculated on the upper, others on 
the lower surface and subsequently the respective epidermal layers were re-
moved. Although it was very difficult to strip off the upper epidermis, as also 
mentioned by KONTAXIS, this layer was removed satisfactorily from six inocu-
lated leaves in the present experiments. At the same time the lower epidermis 
was removed from another six leaves from the same batch of plants, for com-
parison. All the experiments were carried out at a temperature of 22°C and 
the results are presented in table 19. 
No local lesions developed on leaf discs from which either lower or upper 
epidermis was stripped at 0, 3 and 3.5 hr after inoculation and bio-assay of 
these discs did not reveal any infectivity; but when the respective epidermal 
layers were removed 20 or 21 hr after inoculation, local lesions became visible 
on the leaf discs devoid of upper as well as on those devoid of lower epidermis. 
The lesions on such discs were clearly dissimilar to each other as can be seen 
from fig. 2. 
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FIG. 2. Drawings showing local lesions on discs taken from Nicotiana glutinosa leaves from 
which the upper (A) or lower (B) epidermis was removed 20 hr after inoculation of the 
upper (A) or lower (B) surface with tobacco mosaic virus. (Drawn by M. P. van der 
Schelde.) 
On discs devoid of lower epidermis, the lesions usually had a dark brown 
margin surrounding yellow-brownish tissue, whereas those on the upper surface 
completely lacked the dark margin and consisted only of a light brown or 
brownish-white spot. When the leaf discs devoid of upper epidermis were al-
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lowed to remain in the petri dishes for a longer period (6 to 7 days) the local 
lesions did not intensify their colour but the whole disc perished. If, on the 
other hand, the filter paper on which leaf discs without upper epidermis were 
kept, dried up, a dark brown margin appeared round the lesions which now 
completely resembled those on leaf discs deprived of lower epidermis. 
4.3.2. Inoculation with virus-NA as compared with that with whole virus 
Since virus increase could be observed two hours earlier if NA was used as 
inoculum instead of whole virus (Chapter 3), attempts were made to find out 
whether a similar difference could also be found in the time at which infectious 
entities reach the mesophyll cells. These experiments were carried out in com-
bination with those described in 3.4.2. The results are shown in table 20. The 
inocula of TMV and NA (both concentrations) had comparable infectivity. The 
experiments 1 and 2 correspond with the numbers 1 and 2 recorded in table 14. 
TABLE 20. The time at which infectious material has reached the mesophyll cells of Nicotiana 
glutinosa leaves after inoculation of the lower leaf surface with either tobacco 
mosaic virus (TMV) or its nucleic acid (NA) 
Time after 
inoculation 
(hours) 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
1 
TMV 
0 
0 
0 
0 
2 
14 
32 
114 
117 
165 
160 
NA 
0 
0 
0 
0 
0 
7 
21 
17 
48 
60 
67 
Experiment"11 
Inoculum0 
TMV 
0 
-
0 
0 
0 
9 
21 
59 
90 
66 
117 
i 
NA 
0 
-
0 
0 
0 
14 
66 
84 
176 
177 
169 
a
 Number of local lesions on one hundred leaf discs from which the epidermis was removed 
at various times after inoculation. 
b
 The temperatures at which the leaves were kept after inoculation varied between 20 and 22 °C 
in either of the two experiments. 
0
 The concentrations of the virus inocula were 0.01 mg/ml, those of the NA preparations were 
0.6 and 1.1 mg/ml respectively, for the two experiments. 
Contrary to the expectations based on the data obtained in earlier experi-
ments on virus increase (Chapter 3), the infectious material from NA-inoculum 
apparently did not invade the mesophyll cells earlier than that from the whole 
virus. 
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4.3.3. Effect of the temperature 
The experiments mentioned in table 21 were performed in combination with 
those described in 3.4.3. All of the experiments correspond with those recorded 
in table 15, except 3A, 3B and 3C in which the leaves were treated differently, 
as described in the following. In these three experiments, leaves, attached to 
the plants, were incubated for one night in a glass-sided incubator (KASSANIS, 
1954) in which the air temperature fluctuated about 1°C from the average. 
Next day the leaves were gathered, inoculated and rinsed under running tap 
water of 28°C. After that they were replaced in the incubator for various 
periods. 
TABLE 21. The time at which infectious material has reached the mesophyll cells of Nicotiana glutinosa leaves 
exposed to different temperatures after inoculation of the lower leaf surface with either tobacco 
mosaic virus (TMV) or its nucleic acid (NA) 
Inoculum 
Time 
after 
inocula-
tion 
(hours) 
TMV NA 
Temperature (°C) 
28 31 36 40 28 31 36 40 
Experiment8, 
0 
1 
2 
3 
4 
5 
6 
8 
10 
12 
14 
1 
0 
0 
0 
-
4 
89 
149 
187 
180 
2 3 
0 -
0 0 
0 0 
-
3 9 
42 175 
89 151 
87 262 
3Ab 3Bb 
0 0 
0 0 
0 0 
2 6 
4 6 
5 20 
12 43 
-
-
-
4 
0 
0 
0 
-
38 
275 
-
331 
5 
0 
0 
0 
-
24 
76 
67 
-
6 
0 
0 
0 
-
0 
4 
69 
-
7 
0 
0 
0 
-
0 
0 
29 
-
8 
0 
0 
2 
-
0 
0 
0 
-
9 
0 
0 
0 
-
0 
0 
0 
-
1 2 3 
- 0 -
- 0 0 
- 0 0 
_ _ _ 
- 6 70 
- 71 193 
- 57 290 
- 73 241 
3Cb 
0 
0 
5 
7 
22 
50 
-
-
-
-
4 
0 
0 
0 
-
31 
222 
_ 
180 
5 
0 
0 
13 
-
63 
83 
187 
-
6 
0 
0 
3 
2 
42 
85 
-
7 
0 
0 
0 
-
2 
10 
18 
-
8 
0 
0 
0 
-
0 
0 
0 
-
9 
0 
0 
0 
-
0 
0 
-
-
a
 Number of local lesions on one hundred leaf discs from which the epidermis was removed at various times after 
inoculation. 
b I n these three experiments leaves were rinsed under running tap water of 28 °C after inoculation with 0.01 
mg/ml TMV (3A and 3B) and 0.2 mg/ml NA (3C). 
Table 21 shows that, although the times at which the infectious entities 
entered the mesophyll cells were shortened at a temperature of 28 °C as com-
pared to those at 20—22CC (table 18), in most of the experiments at 28°C 
there was no difference between inoculation with TMV and that with NA. In 
the experiments 1, 2 and 3, again the time was longer than that reported by 
WELKIE & POUND (1958) and by UPPAL (1934) for the same temperature. 
Although the explanations given earlier in this Chapter could apply in this 
case as well, it is also possible that the discrepancy between their observations 
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and those in the present studies may be due to a difference in treatment of the 
leaves after inoculation. Results obtained in experiments 3A, 3B and 3C point 
in this direction. They clearly show that the time at which the infectious ma-
terial penetrated into the mesophyll could be considerably shortened by wash-
ing the leaves with water of 28 °C. It was, therefore, possible that the shock 
caused by the cold tap water treatment in the other experiments was responsible 
for the delay in time of first appearance of local lesions in the stripped areas. 
Another remarkable fact was that in experiment 3C infectious entities had 
already reached the mesophyll cells after 2 hours when NA was used as in-
oculum. However, this difference between TMV and NA-inoculated leaves 
may not be significant because the experiments from which these data were 
obtained were not carried out simultaneously. 
Further data summarized in table 21 show that at higher temperatures 
(36°C) inoculations with NA resulted in an earlier invasion of the mesophyll 
cells (4—6 hr) than with TMV (6-10 hr). Since results obtained in experiments 
on increase of virus in the epidermal cells have shown that exposure of the in-
oculated leaves to 36°C possibly had a more harmful effect on infection with 
TMV than with NA (3.4.3), the difference found in the present experiments 
might also be due to the same effect. On the other hand, the high temperatures 
might have changed the condition of the protoplasm to such an extent that a 
more rapid translocation of any possible newly-formed particles was achieved. 
At temperatures as high as 40°C nearly no infectious particles reached the 
mesophyll cells, possibly because of the inability of the virus to multiply at this 
temperature (Chapter 3). 
A comparison of the data in tables 15 and 21 shows that no increase in virus 
content after inoculation with TMV was observed at 36°C but at this very 
temperature infectious particles invaded the mesophyll cells as early as 4 or 6 
hr after inoculation. The explanation could be that a very small amount of virus 
particles was formed which could not be demonstrated in infectivity tests but 
which was sufficient to be translocated to the adjacent underlying tissues. 
4.3.4. Effect of the concentration of the TMV-inoculum 
Experiments were conducted to examine whether infectious entities would 
reach the mesophyll earlier after inoculation with concentrated suspensions 
than with highly diluted items. The concentrations of the virus suspensions 
used were: 10, 1, 0.1 and 0.01 mg/ml. After inoculation the leaves got the 1 % 
KOH-treatment as described in the previous Chapter and were rinsed in run-
ning tap water. At different times after inoculation (0, 4, 6 and 8 hr) the epi-
dermis was removed from three leaves. Leaf discs were taken in the same way 
as described in 4.3.1. The whole experiment was performed at a temperature 
of 28 °C. 
In table 22 it can be noted that the time, at which invasion of mesophyll 
cells by infectious material took place, did not depend upon the concentration 
of the inoculum, but as the time progressed, the increase in number of infectious 
particles which arrived at a certain moment was greater when more concen-
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trated TMV was used as inoculum. This might indicate that the first appearance 
of local lesions at 4 hr must be attributed to the advance virus particles, reported 
earlier in this Chapter (4.3.2). 
TABLE 22. Effect of concentration of the inoculum on the time at which infectious entities 
invade mesophyll cells after inoculation of Nicotiana glutinosa leaves with tobacco 
mosaic virus. Numbers given are numbers of local lesions on one hundred leaf 
discs from which the epidermis was removed at various times after inoculation 
Time after Concentration (mg/ml) 
in (hours) 
0 
4 
6 
8 
10 
0 
6 
44 
465 
1 
0 
2 
12 
297 
0.1 
0 
3 
2 
156 
0.01 
0 
5 
0 
12 
As the amount of virus produced in epidermal cells will reach a certain level 
more rapidly after inoculation with high virus concentrations than with more 
dilute ones, more local lesions will appear on the leaf discs in course of time 
in the former case than in the latter. 
4.4. RATE OF MOVEMENT OF TMV IN INOCULATED LEAVES 
UPPAL (1934) measured the time required for infectious material to move 
from the inoculated upper epidermis into the lower epidermis and found a rate 
of movement of 7 to 8^ i per hour. His experiments were carried out with N. 
sylvestris, a systemic host for the strain of TMV used. 
WILDMAN (1959) estimated about the same rate from experiments with N. 
tabacum var. 'Turkish Samsun' performed by GOODCHILD et al. (1958) and 
reached the conclusion, based on calculations of the rate of spread in a local 
lesion host, that there is not much difference between the rate of movement of 
TMV in both types of hosts. 
In order to verify the value obtained by WILDMAN for a local lesion host 
(10(x per hour), experiments were performed to detect the presence of TMV in 
the lower epidermal layer after inoculation of the leaf on the upper surface. 
Three leaves were inoculated, strips of lower epidermis from each of the leaves 
were removed at different intervals after inoculation and ground separately 
in the usual way. The sap obtained was assayed on six leaves. 
It will be seen from table 23 that in two out of three experiments the pre-
sence of virus could be detected 17 hr after inoculation. This time is much 
shorter than that recorded by UPPAL (1934) viz. 36-40 hr. However, the tem-
peratures at which UPPAL has carried out his experiments were, most of the 
times, lower than 28°C; they usually ranged from 23.8 to 26.6°C and only in a 
few cases rose to 27.6°C. 
The thickness of the lamina of N. glutinosa leaves used in the present ex-
periments varied from 270 to 300fi and, therefore, the infectious entities 
passed from the upper into the lower epidermal cells through the mesophyll at 
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TABLE 23. Time at which tobacco mosaic virus inoculated onto the upper surface of Nico-
tiana glutinosa leaves, kept at a temperature of 28 °C becomes detectable in the 
lower epidermis 
Time after Experiment^ 
tion (hours) 
0 
15 
17 
19 
21 
23 
24 
1 
0 
0 
0 
1 
6 
3 
3 
2 
0 
0 
1 
37 
22 
104 
978 
, 3 
0 
0 
4 
130 
464 
593 
2069 
a
 Number of local lesions on eighteen assay leaves inoculated with sap from macerated lower 
epidermal tissue stripped off at various times after inoculation of test leaves. 
b
 The concentrations of the virus inocula were 0.004 mg/ml. 
an average rate of 17(x per hour at the least. A transverse section of the leaf 
showed that on an average the number of cell layers between upper and lower 
epidermis amounted to four. 
4.5. THE ABILITY OF LEAVES DEVOID OF EPIDERMIS TO BECOME INFECTED BY 
MEANS OF CONVENTIONAL INOCULATION METHODS 
KONTAXIS (1961) reported that no local lesions developed on leaf parts de-
void of the upper epidermis following inoculation of the stripped areas. Ex-
periments were conducted to investigate whether this phenomenon applies only 
to leaf portions devoid of the upper epidermis or also to areas from which the 
lower epidermis had been removed. Inoculations were made with or without 
Carborundum about 10 minutes after removal of the epidermis. Thereafter leaf 
discs were punched out in the same way as described earlier. 
In contrast to the results reported by KONTAXIS (1961) local lesions could 
be obtained on the stripped areas but only when relatively high concentrations 
of inocula were used and more readily when Carborundum was applied (table 
24). The upper and lower leaf surfaces devoid of epidermis behaved similarly 
with respect to the infection. The fact that the mesophyll tissue apparently be-
came less readily infected than the intact leaves might be ascribed to injury 
caused by the stripping procedure. The greater part of the entry ports through 
which the virus particles could enter the cells might have been rendered in-
accessible by this treatment, even after application of Carborundum. 
The harmful effect of the stripping procedure on the result of the inoculation 
could probably be eliminated by bringing the epidermis-free portions of the 
leaves into contact with the virus suspension at the very moment of stripping. 
In a series of experiments leaves were therefore stripped in a suspension of 
TMV at a concentration of 0.02 mg/ml. However, no local lesions appeared on 
the stripped areas. 
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Considering the possibility that infectious material might be translocated 
from cell to cell in the form of NA which is then responsible for the infection of 
the mesophyll cells, similar experiments were performed in which NA at a 
concentration of 1.1 mg/ml was used as inoculum. The infectivity of this in-
TABLE 24. The ability of tobacco mosaic virus to infect leaves of Nicotiana glutinosa inoculated 
on areas from which the upper or lower epidermis was removed 
No. 
of 
experiment 
Virus 
conc.a 
Leaves inoculated on areas devoid of 
upper epidermis lower epidermis 
+ C b -C b + C -C 
1 
2 
3 
4 
5 
6 
7 
0.002 
0.01 
0.02 
1.0 
10.0 
10.0 
10.0 
0 
9 
0 
3 
-
60 
-
- 0 -
1 
- 0 -
- 7 -
24 
75 8 
7 - -
a
 Concentrations of the virus inocula in mg/ml. 
b
 Number of local lesions on one hundred leaf discs inoculated with ( + Q or without (-C) 
Carborundum. 
oculum was comparable with that of a TMV suspension of 0.02 mg/ml. In this 
case also, the leaf areas failed to show local lesions and bio-assay of the leaf 
discs did not reveal any infectivity either. When the leaf areas devoid of epi-
dermis were inoculated with NA in the usual way a very small number of local 
lesions appeared (about 1 on 100 leaf discs) irrespective to whether Carbo-
rundum was applied or not. 
4.6. DISCUSSION 
SUHOV & KAPICA (1955) reported that the minimum time needed for in-
fectious particles to spread from the epidermis into the underlying tissue was 
5 hr when N. glutinosa leaves were kept at 28 °C prior to the KMnOé treatment. 
This value is in good agreement with the one obtained in the present study at 
that temperature. However, their experiments showed that not all the virus was 
inactivated in the epidermal cells by the KMnC«4 treatment, so that the con-
siderable increase in number of local lesions on the test leaves could just as 
well be attributed to infectious particles in the epidermis, which became pro-
tected from inactivation in the course of time. Moreover, the fact should not be 
ignored that healing of the wounds might have rendered the cells less accessible 
to the KMnOé treatment as time went on. 
The following hypothesis could be advanced to explain the phenomenon that 
infectious material did not invade the mesophyll cells earlier when NA instead 
of whole virus was used as inoculum. BAWDEN & KLECZKOWSKI (1960) de-
monstrated that in opposite leaf-halves inoculated with intact TMV and NA, 
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always some local lesions appeared at the same time with both inocula. They 
concluded that some virus particles must have been able to pass through the 
processes ending in the formation of a lesion at the same rate as NA, but the 
leaf-halves inoculated with intact virus went on producing local lesions for 
much longer. Because of the difference in time at which newly-formed virus 
could be demonstrated in epidermal cells following inoculation with TMV and 
NA (Chapter 3), it must be assumed rhat only a small minority of virus particles 
is able to pass so quickly through the initial processes. As only a small number 
of particles are sufficient to be transported to the underlying tissue, it is likely 
that some advance virus particles accounted for the synchronous arrival of in-
fectious material in the mesophyll cells after inoculation with the two inocula. 
To express the rate of movement of infectious particles in an inoculated leaf 
in terms of microns per hour may be questioned. This is based on the assump-
tion that cell walls do not present barriers to the virus movement because of 
the numerous plasmodesms interconnecting one cell with the other, so that a 
continuous protoplasm connection through which infectious entities can move 
is ensured. 
If, on the other hand, the cell walls were a factor of delay for the trans-
location of infectious material, it would be advisable to express the rate of 
movement of the infectious particles from the upper into the lower epidermis 
in numbers of cells that had to be passed through in vertical direction. 
The dissimilarity of the local lesions on leaf parts devoid of upper and on 
those devoid of lower epidermis could probably be explained on the basis of 
drying of leaf cells. The fact that a dark brown margin did not develop on leaf 
discs from which the upper epidermis was removed 20 hr after inoculation 
when kept under conditions of high humidity, could be ascribed to the pre-
sence of closely packed palisade parenchyma cells on the upper surface as con-
trasted with that of spongy parenchyma cells on the lower surface of leaves. 
In the former case the evaporation is lower than in the latter where the cells 
are surrounded by large intercellular spaces. Access of air is perhaps also res-
ponsible for the phenomenon observed by SHEFFIELD (1936) who reported 
that the first visible evidence of infection was the appearance of a strip of 
necrotic material between the cells of the lower epidermis and those of the 
spongy parenchyma about 12-24 hr after inoculation of the upper surface of a 
leaf of N. glutinosa with TMV. SHEFFIELD already suggested this explanation 
but experiments in which she smeared vaseline over half of the lower surface of 
a leaf inoculated on the upper surface did not show a difference in the develop-
ment of lesions on the treated and on the untreated leaf-halves. She concluded, 
therefore, that 'the larger supply of air available near the lower surface is not 
essential to the rapid formation of the necrotic material'. It might be possible, 
however, that the supply of air still present in the intercellular spaces of the 
spongy parenchyma was sufficient for the occurrence of necrosis. 
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CHAPTER 5 
E F F E C T S O F U L T R A V I O L E T (UV) R A D I A T I O N 
O N T H E I N F E C T I O N 
5.1.INTRODUCTION 
In this Chapter a report is given of the attempts made to gain more infor-
mation about the succession of events in the infection process prior to the time 
at which virus can be demonstrated by bio-assay. 
The experiments are based on the work of LURIA & LATARJET (1947) who 
irradiated E. coli with UV light at different times after inoculation with phages 
and established the sensitivity of infection to UV radiation at each time. 
Attention is also paid to the effect of UV irradiation on leaves with regard 
to their ability to support virus infection. 
5.2. LITERATURE 
BAWDEN & HARRISON (1955) and SIEGEL & WILDMAN (1956) were the first 
investigators who applied the above-mentioned method of LURIA & LATARJET 
(1947) to infections with plant viruses viz. tobacco necrosis virus in French 
bean and two strains of TMV, Ui and U2, in N. glutinosa respectively. They 
demonstrated that UV irradiation strongly decreased the number of local lesions 
when given immediately after inoculation. The sensitivity to irradiation of in-
fective centres remained then constant for some hours (lag period). The dura-
tion of this lag period depended on the virus or virus strains used, and amoun-
ted to two hours with the Rothamsted tobacco necrosis virus (BAWDEN & HAR-
RISON, 1955), to two hours with strain U2 and to five hours with strain Ui of 
TMV (SIEGEL & WILDMAN, 1956). After the lag period an increase in resis-
tance to inactivation by UV radiation became apparent. 
SIEGEL & WILDMAN (1956) divided the changes in sensitivity of infective 
centres to UV radiation into four phases and gave a possible explanation for 
differences in the response of irradiated infective centres. In the first phase, 
sensitivity of the infective centres to UV irradiation was similar to that of the 
virus particles irradiated in vitro, representing the inactivation of virus particles 
attached to the susceptible sites and also of those sitting on the outside of the 
leaf. 
During the second phase there was an increase in resistance to UV irradiation 
with time, caused by virus particles entering the cell and becoming screened 
from damage by radiation. This resistance was maintained at a constant level 
for some hours in phase 3. 
Phase 4 showed another rise in resistance, possibly due to multiplication of 
the virus particles. 
When NA was used instead of intact virus the lag period was greatly re-
duced or completely absent and both strains of TMV behaved similarly after 
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irradiation of the infective centres initiated by their NA (SIEGEL et al., 1957). 
From these experiments the authors drew the conclusion that during the lag 
period NA was released from the intact particles. The increase in resistance 
following the lag period could then possibly be attributed to screening of the 
NA by host proteins from radiation damage. 
According to BAWDEN & HARRISON (1955) and SIEGEL & WILDMAN (1956) 
the shape of the inactivation curves indicates whether the irradiated cells con-
tain single virus particles or more than one. However, BAWDEN & KLECZ-
KOWSKI (1960) pointed out that many of the above conclusions do not seem to 
be valid because of the fact that one important factor has not sufficiently been 
taken into account viz. the effect of UV irradiation on the 'capacity' of leaves. 
These authors who introduced this term in plant virus research, used it to ex-
press 'the ability of a leaf to support the multiplication of TMV to the extent 
of forming local lesions'. They measured the effects of irradiation on the ca-
pacity of the leaves by exposing them to UV radiation before inoculation and 
found that the extent to which the capacity was affected showed a considerable 
variation from experiment to experiment. Although earlier BAWDEN & KLECZ-
KOWSKI (1952) had shown that the harmful effect of UV radiation on the ca-
pacity could be counteracted by visible light, the extent to which the capacity 
was restored also varied greatly. Because of this variation, comparisons can 
scarcely be made between the sensitivity of virus particles irradiated in vitro 
and in vivo. It is also impossible to draw any conclusions from the shape of the 
inactivation curves, because these curves are composed of two different phe-
nomena viz. effect on the virus and that on the host plant, the latter being af-
fected to a varying degree by increasing radiation dose (BAWDEN & KLECZ-
KOWSKI, 1960). 
In contrast to other viruses TMV itself can not be photoreactivated, that is 
to say that the infectivity of TMV suspensions irradiated in vitro and subse-
quently inoculated onto leaves, is not restored when the leaves are placed in the 
light immediately after inoculation (BAWDEN & KLECZKOWSKI, 1953, 1955). 
However, NA prepared from TMV and irradiated in vitro did show photo-
reactivation (BAWDEN & KLECZKOWSKI, 1959). As NA from different viruses 
resemble each other in sensitivity to irradiation and also in their ability to be-
come photoreactivated, differences in the behaviour of intact viruses towards 
UV light could be ascribed to differences in the bonding between protein and 
NA (SIEGEL et al., 1956). BAWDEN & KLECZKOWSKI (1959) proved unequivo-
cally that the protein part played an important rôle in determining what kind 
of irradiation harm would be done to the NA moiety. They demonstrated that 
NA, prepared from irradiated TMV suspensions, could not be photoreacti-
vated. From these results it might be assumed that apparently not all types of 
damages can be reversed by visible light. 
BAWDEN & KLECZKOWSKI (1960) made use of the fact that intact TMV is 
not photoreactivable in contrast to (isolated) NA, to try to explain the lag 
period obtained by SIEGEL et al. (1956, 1957). For this purpose leaves were 
irradiated at different times after inoculation with the intact type strain of 
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TMV. If it is true that near the end of the lag period (which is considerably 
short or altogether absent after inoculation with NA) the protein coat is re-
moved from the NA, then photoreactivation should occur as a result of the pre-
sence of NA and also, because this NA is much more sensitive to UV irradia-
tion than intact virus (SIEGEL et al., 1956), an increased sensitivity to UV light 
is likely to develop. The results of BAWDEN & KLECZKOWSKI (1960), however, 
did not reveal any more photoreactivation than the one attributable to effects 
on the capacity of leaves; neither were there indications for enhanced sensitivi-
ty to UV radiation during the first five hours after inoculation but from that 
time on an increase in resistance to inactivation occurred as was earlier de-
scribed by SIEGEL & WILDMAN (1956). The authors stated that their failure to 
demonstrate photoreactivation of infective particles in vivo was probably due 
to the fact that the small amount of photoreactivation of infective particles was 
obscured by the large amount of photoreactivation of the leaf capacity. How-
ever, it is equally possible that some cell constituents prevented visible light 
from restoring the damage done to the infective particles. 
The negative result obtained by BAWDEN & KLECZKOWSKI (1960) does not 
disprove the idea suggested by SIEGEL et al. (1957) that the NA moiety sepa-
rates from the protein of TMV during the lag period; it only points out that the 
methods used were not adequate to prove. 
GOODCHILD (1961a and b) repeated the experiments of BAWDEN & KLECZ-
KOWSKI but used the more sensitive strain U2 instead of Ui which enabled him 
to apply a smaller dosage of UV radiation so that the capacity of the leaf was 
less affected. This author even claimed that the capacity remained unimpaired 
when he irradiated the leaves for 90 seconds at a distance of 30 cm from a 
Philips TUV 30 germicidal lamp, so that at this exposure no photoreactivation 
due to restoration of the leaf capacity could be expected. He found photo-
reactivation at 3.75 to 5 hr after inoculation, that is long after the lag period 
described by SIEGEL & WILDMAN (1956) for this strain. 
5.3. MATERIALS AND METHODS 
Unless otherwise stated, the experiments were carried out with the same 
strain of TMV as described earlier in this publication. For comparison, the 
following strains were also used in some experiments: 1. The Rothamsted stock 
culture which was kindly supplied by Dr. A. KLECZKOWSKI and 2. strain U2 
which originally came from Dr. S. G. WILDMAN but was obtained by the author 
from Miss P. C. HAGEMAN. 
Nucleic acid was prepared by the method described in Chapter 3. The main 
source of UV radiation was lamp A, a Hanovia Ltd. low pressure mercury 
discharge tube 60 cm long provided with a filter to eliminate radiation of wave-
lengths shorter than 240 m\i. In a few instances lamp B, a Hanau low pressure 
mercury lamp PL 320 fitted with a quartz filter to eliminate wavelengths longer 
than 405 m^ and wich a tube made of material which does not transmit rays 
below 240 m^ was used. The irradiation was done at 20 cm from the lamps 
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where the intensity of radiation amounted to 160 [xW/cm2 for lamp B and 
varied between 446 and 650 piW/cm2 for lamp A. In some experiments lamp 
B was used devoid of its filter (B_p) by which the intensity of radiation amoun-
ted to 2260 jxW/cm2. Both lamps gave radiation mostly of 254 m\i wavelength 
(about 85 and 71% for A and B, respectively). The lamps were allowed to 
run for 30 minutes before leaves were placed under them. 
Virus solutions were irradiated as layers 0.14 cm deep in petri dishes which 
were rocked once every 5 seconds. 
Uniform leaves were detached from N. glutinosa plants, as described in 2.2, 
inoculated, cut along the midrib and subsequently irradiated on the inoculated 
surface of leaf-halves in postirradiation experiments. In preirradiation ex-
periments the leaves were cut along the midrib, irradiated on leaf-halves and 
subsequently inoculated on the irradiated leaf surface. In both cases, the cor-
responding leaf-halves served as a control. The irradiated half-leaves were 
placed in petri dishes with the control halves and kept in light, unless otherwise 
stated. The local lesions were usually counted three days after inoculation of 
the leaves. 
Unless otherwise stated, all the experiments were carried out at a temperature 
which varied from 20 to 22°C. 
5.4. EFFECT OF IRRADIATION ON THE CAPACITY OF LEAVES 
5.4.1. Differences in the response to irradiation of the upper and lower leaf 
surfaces inoculated with TMV 
As the experiments mentioned earlier in the present study were carried out 
with leaves inoculated on the lower surfaces while the data recorded in literature 
on the effect of UV radiation on infection were obtained from experiments in 
TABLE 25. A comparison between the sensitivity to ultraviolet (UV) irradiation of infective centres initiated 
by tobacco mosaic virus on the upper and lower surfaces of Nicotiana glutinosa leaves* 
Dose of 
irradia-
tion15 
(seconds) 
20 
40 
80 
100 
120 
1 
UV C 
810 921 
714 1282 
380 1213 
- -
uv/c 
88 
56 
32 
-
Upper Lower 
Experiment0 
2 
UV C UV/C 
727 1293 
483 1353 
207 1292 
184 1641 
56 
36 
16 
11 
3 
UV c uv/c 
570 885 64 
399 849 47 
165 907 18 
225 1101 21 
1 
UV c uv/c 
1039 1120 93 
599 1143 52 
223 1568 14 
2 
UV c uv/c 
1108 1444 77 
593 1494 40 
105 1537 7 
16 1800 1 
3 
UV c UV/C 
994 1571 63 
385 1180 33 
27 1346 2 
43 1587 3 
_ 
a
 The numbers under UV and under C are, respectively, the total numbers of the lesions on six irradiated and 
control half-leaves and those under UV/C are the ratios of these two expressed as percentage. 
b
 The leaves were irradiated on the inoculated surfaces with lamp A. 
0
 The concentrations of the virus inocula were 0.004, 0.004 and 0.002 mg/ml, respectively, for the three 
experiments. 
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which the upper surfaces were inoculated and subsequently irradiated, a com-
parison was made between the sensitivity to UV irradiation of the infective 
centres initiated on the two surfaces. 
Table 25 shows that irradiation doses of 80 seconds or more affected the 
number of local lesions to a greater extent if the inoculations were made on the 
lower surface than when the upper surfaces were used. This difference does 
not necessarily mean that the virus inoculated on lower surface was more sen-
sitive to UV irradiation; it is equally likely that the capacity was more affected 
after irradiation of this leaf surface. In order to establish whether the effect was 
on the virus or on the capacity, experiments were carried out in which one 
portion of leaves was exposed to UV radiation before and another portion after 
inoculation of the upper of lower surface. 
TABLE 26. Effect of ultraviolet irradiation on the capacity of Nicotiana glutinosa leaves, 
irradiated before or after inoculation of the upper and lower leaf surfaces with 
tobacco mosaic virus 
Upper Lower 
Irradiateda Experiment00 
1 
Immediately before inoculation 80 45 21 23 
2 hr before inoculation - 59 73 
8 hr before inoculation - 6 7 - 93 
Immediately after inoculation 25 22 8 12 
2 hr after inoculation - 16 - 9 
8 hr after inoculation 100 93 96 96 
a
 The leaves were inoculated and irradiated on the same surfaces for 80 seconds with lamp A. 
b
 Number of lesions formed on six irradiated half-leaves expressed as the average percentage 
of the number formed on the unirradiated controls. 
c
 The concentrations of the virus inocula were 0.002 mg/ml. 
As is seen from expts. 1 and 2 (table 26) and also from expts. 1, 2, 3 (table 
27), the number of local lesions were affected to a greater extent when the 
leaves were irradiated immediately before inoculation with TMV on the lower 
surfaces than on the upper surfaces. From these results it becomes clear that 
differences between the sensitivity to irradiation of the infective centres initiated 
on the upper and that of those on the lower leaf surfaces must be ascribed 
mainly to an effect on the capacity. This does not, however, mean that further 
work on the effect of UV irradiation on the infection is pointless, because the 
results recorded in tables 26 and 27 clearly show that irradiation after inocula-
tion always reduced the number of local lesions to a much larger extent than 
did irradiation before inoculation. This means that in the former case also in-
activation of infective particles must have taken place. 
From table 26 it can also be seen that the effect on the capacity decreased 
with increase in time between irradiation and inoculation for both the upper 
and lower leaf surfaces. From the percentages of local lesions in expt. 2 (table 
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26) a trend stands out that restoration of the capacity proceeds quicker in leaves 
irradiated and subsequently inoculated on the lower surfaces than in those that 
had been treated on the upper surfaces. A conclusive statement about this, 
however, is not warranted because it is based on data obtained from only one 
experiment. 
5.4.2. Effect of preirradiation, compared with that of postirradiation of upper 
or lower leaf surfaces inoculated with intact TMV and its NA 
BAWDEN & KLECZKOWSKI (1960) have found that preirradiation affected the 
capacity of leaves for infection by NA to a greater extent than for infection by 
TMV, when the irradiated leaves were put into the light immediately after in-
oculation. If, on the other hand, the leaves were kept in the dark, there was no 
difference between the number of local lesions produced by the two types of 
inocula. They explain this phenomenon by assuming that inoculated TMV 
particles can wait till the photoreactivation of capacity is completed, while NA 
fails to do so because of its instability in vivo. Contrary to this expectation, 
results obtained from four different experiments in the present study show 
table 27, expts. 4, 5, 6 and 7) that the infection was less inhibited by irradia-
tion applied immediately before inoculation with NA than when TMV was 
used as inoculum. 
TABLE 27. Effect of ultraviolet irradiation on the capacity of Nicotiana glutinosa leaves, irradiated before or 
after inoculation of the upper or lower surfaces with tobacco mosaic virus (TMV) and its nucleic 
acid (NA) 
Upper Lower 
Irradiated* 
TMV NA TMV NA 
Experiment130 
Immediately before 
inoculation 
Immediately after 
inoculation 
1 2 3 
120 92 81 
59 68 46 
1 2 
94 65 
1 4 
1 2 3 4 5 6 7 
69 57 49 37 53 50 88 
24 36 9 - - - 45 
1 2 4 5 6 7 
71 57 55 64 90 95 
3 1 - - - 0 
a
 The leaves were inoculated and irradiated on the same surfaces for 80 seconds with lamp A. 
b
 Number of lesions formed on six irradiated half-leaves expressed as the average percentage of the number 
formed on the unirradiated controls. 
c
 The concentrations of the TMV inocula were 0.01 mg/ml for the expts. 1, 2, 3 and 0.02 mg/ml for the 
expts. 4, 5, 6, 7. TMV and NA inocula had comparable infectivity. 
A difference between these experiments and those carried out by BAWDEN 
& KLECKZKOWSKI (1960) was that in the former case lower leaf surfaces were 
inoculated, whereas in the latter case upper surfaces were used. A comparison 
was made between the effects of preirradiation of the upper and that of the 
lower leaf surfaces on the capacity of the leaves after inoculation with TMV 
and its NA (table 27, expts. 1, 2 and 3). It can be seen from the preirra-
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diation experiments that the number of local lesions on the irradiated upper 
surfaces were greater when TMV was inoculated than when NA was used as 
inoculum, whereas on the other hand the number of local lesions on the irra-
diated lower surfaces were the same or greater with NA as inoculum than with 
TMV. 
5.5. THE SENSITIVITY OF INFECTIVE CENTRES, INITIATED BY TMV AND ITS 
NA, TO U V IRRADIATION AT INTERVALS AFTER INOCULATION 
To confirm the results obtained by SIEGEL *& WILDMAN (1956) and by 
SIEGEL et al. (1957), effects of irradiation were studied at different times after 
inoculation with intact TMV and its NA. In the following experiments all the 
leaves were inoculated and irradiated with lamp A on the lower leaf surfaces. 
FIG. 3. Effect of ultraviolet irradiation given at 
different times after inoculation of the lower 
surface of Nicotiana glutinosa leaves on the 
survival of infective centres initiated by tobacco 
mosaic virus (TMV) and its nucleic acid (NA). 
Plot of data of table I (mean of six experiments). 
£ 1.0 
1 2 3 4 5 
Time after inoculation (hours) 
From the results given in table I and fig. 3 it can be seen that an irradiation 
immediately after inoculation with TMV always resulted in a higher survival 
percentage of the infective centres than did irradiation applied one or two hours 
after inoculation. A distinct lag period was absent and instead of remaining 
constant, the sensitivity for UV increased and reached its maximum at 2 hr 
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after inoculation. From that time on, an increase in the resistance of infective 
centres became apparent and lasted some hours. 
Table I and fig. 3 also show that infective centres initiated by NA increased 
their resistance to inactivation by UV irradiation already at 1 hr after in-
oculation. 
The results obtained with intact TMV are in contrast to those reported by 
SIEGEL & WILDMAN (1956) who found an increase in resistance to UV irra-
diation 5 hr after inoculation with the Ui strain which was, according to SIEGEL 
& WILDMAN (1954), assumed to resemble common TMV, used in the present 
studies. This difference can not be ascribed to the fact that in the experiments 
of SIEGEL & WILDMAN the upper, while in the present experiments lower sur-
faces of the leaves were inoculated and subsequently irradiated. Two experi-
ments in which one batch of leaves was inoculated and subsequently irradiated 
on the lower and another on the upper surfaces did not show any difference in 
the time at which the infective centres increased their resistance to inactivation. 
Considering the possibility that the TMV strain used in the present studies 
differed from the Ui strain in its behaviour towards irradiation, experiments 
were also performed with the Rothamsted stock strain which has been reported 
to have a sensitivity to UV irradiation similar to that of the Ui strain (BAWDEN 
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FIG. 4. A comparison between the 
sensitivities of infective centres on 
the lower surface of Nicotiana gluti-
nosa leaves, initiated by the Rotham-
sted type culture of tobacco mosaic 
virus (TMVR) and the strain com-
monly used at Wageningen (TM Vw), 
to ultraviolet irradiation. Plot of 
data of table II (mean of two and 
five experiments, respectively). 
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& KLECZKOWSKI, 1955). This time lamp B instead of lamp A was used as the 
source of UV radiation. 
It can be seen from table II and fig. 4 that there was no essential difference 
in the behaviour of the two strains. 
A comparison was also made between the sensitivity of the U2 strain of TMV 
and that of the common strain used at Wageningen, to irradiation in vitro and 
in vivo with lamp A. 
x TMV„ 
FIG. 5. A comparison of the 
survival curves obtained when 
suspensions of the tobacco mosaic 
virus strain commonly used at 
Wageningen (TMVW) and the U2 
strain (U2) were irradiated in vitro 
with lamp A as source of ultra-
violet radiation. 
1 2 3 U 5 6 
Time of irradiation (minutes) 
Fig. 5 shows that the U2 strain was much more sensitive to irradiation in 
vitro than the strain commonly used at Wageningen. The slopes of the curves 
differed by approximately a factor of 3. This difference was less than the one 
reported by SIEGEL & WILDMAN (1954, 1956) and BHAN (1960) for the Ui 
and U2 strains. 
The results obtained from in vivo experiments are shown in fig. 6. From 
this graph it becomes clear that the infective centres initiated by both the U2 
and Wageningen strain increased their resistance to UV irradiation at 3 hr after 
inoculation. The lower level of the curve obtained with the U2 strain can be 
considered to be a reflection of the greater sensitivity to irradiation of this 
strain in vitro as has been shown in fig. 5. 
Although it is known from data mentioned in the literature and those pre-
sented in table I and fig. 3 that infective centres initiated by NA in most cases 
showed an increase in resistance to inactivation by UV irradiation as early as 
1 hr after inoculation no detailed data were available about the exact time of 
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increase in resistance of these infective centres. In order to subject this time to 
closer investigation half-leaves were inoculated with NA and irradiated at dif-
ferent times within one hour after inoculation. 
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FIG. 6. A comparison between the 
sensitivities of infective centres on 
the lower surface of Nicotiana 
glutinosa leaves, initiated by the 
U2 strain of tobacco mosaic virus 
(Ujj) and the strain commonly 
used at Wageningen (TMVW), to 
ultraviolet irradiation. The dose of 
irradiation was 80 seconds with 
lamp A. The concentrations of the 
TMV inocula were 0.005 and 0.01 
mg/ml for the two strains, respec-
tively. 
Table III and fig. 7 show that there was a distinct period of increasing sen-
sitivity for 30 to 40 min after inoculation. This period is perhaps comparable to 
the one of 30 min reported by BAWDEN & KLECZKOWSKI (1960) who found a 
complete photoreactivation when leaves, inoculated with in vitro irradiated 
NA, were kept in the light for this time. During this period the NA is probably 
not yet shielded so that it has a high sensitivity to inactivation and also a 
readiness to become photoreactivated. 
Moreover, it is noteworthy that with NA infective centres also, the sensitivity 
to inactivation by UV irradiation was less when irradiated immediately after 
inoculation than some time later. This may be explained by assuming that NA 
prepared in vitro and inoculated onto leaves also undergoes changes by which 
its sensitivity first increases preparatory to decreasing. 
5.5.1. Preirradiation as a means to correct the effects on the capacity 
Capacity of the leaf is considerably affected by irradiation, as has already 
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FIG. 7. The sensitivity of infective 
centres initiated by tobacco mosaic 
virus nucleic acid to ultraviolet irradia-
tion with lamp A at different times 
within one hour after inoculation of 
the lower surface of Nicotiana gluti-
nosa leaves. Plot of data of table III 
(mean of two experiments). 
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been pointed out. Attempts were therefore made to eliminate these effects to 
a certain extent by irradiating the control leaf-halves immediately before in-
oculation, as has been suggested by KASSANIS (personal communication). 
Six half-leaves were inoculated and irradiated at different times after in-
oculation and the corresponding control half-leaves got a preirradiation treat-
ment. Most of the effect of UV irradiation on the infective entities is assumed 
to be represented by the ratio of the number of lesions on the postirradiated 
leaf-halves to that on the preirradiated ones (BABOS & KASSANIS, 1963). 
Table IV and fig. 8 show that preirradiation treatment only increased the 
survival percentages at each time after inoculation but did not alter the general 
trend observed in postirradiation experiments. 
From these results it became apparent that the effect on the capacity of the 
leaves, though sometimes considerable, did not obscure the events of infec-
tion process as revealed by the sensitivity of infective centres to UV irradiation 
at different times after inoculation. 
5.5.2. Effect of the source of UV radiation 
A comparison between the results recorded in tables I and II (figs. 3 and 4 
respectively) shows that the increase in resistance of infective centres initiated 
by intact TMV took place after 2 hr in the former and after 3 hr in the latter 
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case. The only difference in experimental designs of the two sets of experi-
ments was that in the former lamp A and in the latter lamp B was used as 
source of UV radiation. As the results listed in tables I and II were obtained 
from experiments performed at different times of the year, a search was made 
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FIG. 8. The survival of infective centres of 
tobacco mosaic virus in Nicotiana glutinosa 
leaves, irradiated with lamp A after inocula-
tion of the lower surfaces, as log10 percentage 
of that in controls which were irradiated im-
mediately before inoculation (preirradiated) or 
inoculated without preceding irradiation treat-
ment (not preirradiated). Plot of data of table 
IV (mean of seven and four experiments, 
respectively). 
for a possible effect of the lamp used on the time of increase in resistance by 
exposing one portion of inoculated leaves to lamp A and another portion from 
the same batch to lamp B. 
The results given in table V and fig. 9 confirm those obtained earlier that 
the infective centres increased their resistance after 2 hr when lamp A was 
used and after 3 hr in case of lamp B. 
In order to establish the cause of this difference attention has been paid 
to a possible effect of the filter of lamp B which is known to alter the com-
position of wavelengths emitted, so as to reduce the amount of visible light 
and to transmit more radiation of wavelengths between 254 and 290 mu. As 
the intensity of radiation was approximately 14 times higher when lamp B 
was used without filter than when with filter, an irradiation time of 20 seconds 
instead of 80 seconds was chosen. 
The results recorded in table VI and fig. 9 clearly show that this time the 
increase in resistance of the infective centres appeared after 2 hr irrespective 
of whether lamp A or lamp B_p (i.e. lamp B without filter) was used. Hence 
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it must be assumed that the ratio of different wavelength components in the 
emission spectrum is essential to the time at which an increase in resistance 
of the infective centres becomes apparent. 
20 
FIG. 9. A comparison between the 
sensitivities of infective centres on the 
lower surface of Nicotiana glutinosa 
leaves, initiated by tobacco mosaic 
virus, to ultraviolet radiation provided 
by three different sources viz. lamp A, 
lamp B and lamp B_p. Plots of data 
of tables V (mean of two experiments, 
solid lines) and VI (mean of three 
experiments, broken lines). 
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5.5.3. Effect of a period of darkness following irradiation 
In order to make sure that the earlier increase in resistance to inactivation 
of the infective centres initiated by NA was not due to a more rapid photo-
reactivation of these infective centres, experiments were carried out in which 
leaves were inoculated with either intact TMV or its NA and put in the dark 
for 24 hours immediately following irradiation. 
Table 28 shows that infective centres initiated by intact virus were more 
affected by the dark-period treatment than were those initiated by NA. The 
latter had increased their resistance after 1 hr while the former had not done 
so even up to 4 hr after inoculation. No increase in sensitivity of infective 
centres between 0 and 2 hr could be observed when intact TMV was used. The 
period of darkness had apparently affected the capacity of leaves to such an 
extent that the likely enhanced sensitivity to irradiation shortly after inocu-
lation was completely obscured. 
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TABLE 28. Effect of a 24 hours period of darkness following ultraviolet irradiation on the 
survival of the infective centres initiated by tobacco mosaic virus (TMV) and its 
nucleic acid (NA) at different times after inoculation of the lower surfaces of 
Nicotiana glutinosa leaves 
Time after 
inoculation 
(hours) 
0 
1 
2 
3 
4 
5 
6 
7 
1 
13 
14 
16 
23 
14 
31 
36 
39 
TMV 
Experiment3,60 
2 
12 
17 
14 
22 
17 
-
-
-
NA 
1 
0 
0 
3 
8 
17 
21 
26 
33 
a
 Number of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls. 
b
 The concentrations of the TMV inocula were 0.0007 and 0.002 mg/ml, respectively, for the 
two experiments. TMV and NA inocula had comparable infectivity. 
0
 The leaves were inoculated and subsequently irradiated for 40 seconds with lamp A. 
5.5.4. Effect of the dose of irradiation 
As results from the experiments described so far did not reveal any dif-
ference in inactivation of the infective centres initiated by intact TMV after 
exposure to different doses of UV radiation, more evidence was sought for 
to confirm this. Below 100 seconds the survival percentages were too high to 
show any difference in survival of the infective centres at different intervals 
after inoculation. If the 160 seconds dose was exceeded a glazing of the leaves 
was observed, indicating that a serious damage had been caused. Therefore, a 
range of doses between 100 and 160 seconds of irradiation with lamp B was 
chosen. 
Table VII and fig. 10 show that no effect of the irradiation dose other 
than a decrease of survival with higher doses could be established (the high 
survival with 160 seconds at 0 hr being an exception). These curves confirm 
the one obtained with lamp B as shown in fig. 9. 
From table I it could be seen that in some experiments a dose of 80 or 100 
seconds with lamp A caused a delayed increase in resistance of infective 
centres initiated by NA. In those cases irradiation inactivated the infective 
entities irrespective of some shielding already present after one hour. 
5.5.5. Effect of the temperature 
Most of the experiments on the effect of UV irradiation on the survival of 
infective centres in N. glutinosa leaves, reported in the literature, have been 
performed at a temperature of 20°C. SIEGEL & WILDMAN (1956) varied the 
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temperature at which the leaves were maintained during the interval between 
inoculation and irradiation and found that the infective centres of TMV in-
creased their resistance to inactivation by UV irradiation much earlier at 30 
than at 20°C. 
The experiments so far described in the present study were also carried out 
at temperatures that varied between 20 and 22°C. The following experiments 
FIG. 10. Effect of the dose of ultra-
violet radiation provided by lamp B 
on the survival of the infective cen-
tres initiated by tobacco mosaic 
virus at different times after inocula-
tion of the lower surfaces of Nico-
tiana glutinosa leaves. Plot of data 
of table VII. 
x Dose 100 seconds 
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o » 160 » 
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Time after inoculation (hours) 
were, therefore, designed to find the difference in behaviour of the infective 
centres to UV radiation when the leaves to be irradiated were exposed to an 
air temperature of 28°C. 
The results shown in fig. 11 confirm those obtained by SIEGEL & WILDMAN 
(1956). At 28°C the increase in resistance to inactivation took place one hour 
earlier (at 2 hr) than that at 20-22°C (at 3 hr), when TMV was used as in-
oculum. The time at which the infective centres initiated by NA increased their 
resistance to inactivation was also affected by the higher temperature as can 
be seen from the steeper slope of the NA curve at 28 °C. 
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FIG. 11. Effect of a temperature of 
28 CC to which leaves of Nicotiana 
glutinosa were exposed during the 
time between inoculation and irra-
diation on the survival of infective 
centres initiated by tobacco mosaic 
virus (TMV) or its nucleic acid (NA) 
and irradiated with lamp A at 
different times after inoculation of 
the lower leaf surfaces (solid lines). 
The data obtained at temperatures 
of 20-22 °C are those plotted in fig. 
3 and are given here as a comparison 
(broken lines). 
Time after inoculation (hours) 
5.6. DISCUSSION 
GOODCHILD (1961a) who found photoreactivation at 3.75 to 5 hr after in-
oculation with TMV concluded that 'it seems more realistic to propose that the 
separation of the protein moiety and the nucleic acid of TMV in an infective 
centre on a leaf of Nicotiana glutinosa takes place following the lag period and 
when the infective centre is already undergoing an increase in resistance'. This 
conclusion, however, does not seem fully warranted, because it is known from 
previous work (BAWDEN & KLECZKOWSKI, 1959) that the ability of infective 
particles to become photoreactivated depends largely on the bonding between 
the NA and protein part. Is has been found, for instance, that tobacco ne-
crosis virus and potato virus X are both photoreactivable while all TMV 
strains are not. It is therefore quite possible that in the course of infection pro-
cess NA combines with the cell constituents by which a reversible type of in-
activation will be effected. This is more likely, because GOODCHILD did not find 
any increased sensitivity to UV radiation connected with the photoreactivation; 
on the contrary, the photoreactivability coincided with the period of increased 
resistance to UV light, probably indicating that at this time NA had already 
become protected from inactivation to a large extent. 
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In contrast to the findings of SIEGEL & WILDMAN (1956) and SIEGEL et al. 
(1957), no lag period has been observed in the present experiments, after in-
oculation and subsequent irradiation of either the upper or the lower surfaces 
of N. glutinósa leaves, when they were placed in the light immediately follow-
ing the irradiation treatment. After an initially high survival percentage the 
sensitivity of the infective centres to inactivation increased and reached its 
maximum at 2 or 3 hr after inoculation with TMV. After that time an increase 
in resistance occurred till no effect of irradiation on the infective centres could 
be observed any longer. 
Although BAWDEN & KLECZKOWSKI (1960) and KASSANIS (1960) used the 
same source of UV radiation viz. lamp A and the Rothamsted type strain of 
TMV, the former authors reported that in their experiments the resistance to 
inactivation steadily increased from 5 hr onward, while the latter found that 
the increase occurred between 2 and 4 hr after inoculation. The present results, 
however, have shown that different UV lamps effected consistent differences 
in the time at which the infective centres of TMV increased their resistance to 
inactivation by UV irradiation, so that it seemed likely that the source of UV 
radiation played an important part. 
According to previous publications (SIEGEL & WILDMAN, 1954, 1956; 
BHAN, 1960), strain Ui irradiated in vitro was about five times more resistant 
to inactivation by UV light of 254 mu wavelength than strain U2. When, on 
the other hand, the two strains were irradiated at 226 mu they had approx-
imately the same sensitivity; U2 was about equally sensitive at 254 mu and 
226 mu while Ui was about five times more sensitive at 226 mu than at 
254 mu. As absorption of the energy by NA is greatest at 254 mu and negli-
gible at 226 mu, it is postulated by these authors that inactivation of the U2 
strain can result from the absorption of energy either by the NA or by the pro-
tein portion of the virus. The inactivation of the Ui strain, on the other hand, 
would then be effected mostly by absorption of energy by the protein part which 
transfers the energy to the NA. From the action spectrum for inactivation of 
TMV, showing a curve which steadily rises as the wavelength decreases and 
becomes steeper below 254 mu (HOLLAENDER & DUGGAR, 1936; SIEGEL & 
NORMAN, 1958), it is obvious that beside a strong inactivation at 226 mu, some 
inactivation will also occur at wavelengths between 254 and 280 mu. Of the 
UV lamps used in the present experiments lamp B produced proportionally 
four times as many of the latter-mentioned wavelengths (2.3%) as did lamp A 
and B without filter (B_p). 
The following hypothesis will be put forward to give a possible explanation 
for the differences in time at which a first increase in resistance to inactiva-
tion by UV irradiation became apparent when the infective centres were 
irradiated with the lamps A and B. At the initiation of infection, the relative-
ly low inactivation by UV irradiation can be accounted for by assuming that 
at this stage the virus particles, still intact, are inactivated due to absorption 
of some energy, most of it by the NA moiety at 254 mu and negligible amounts 
by the protein portion at wavelengths between 254 and 280 mu. Later, in the 
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infection process, when NA is released and the synthesis of new virus-NA 
has started, there is a strong absorption of energy by it at 254 m^ and conse-
quently there is increased inactivation. Subsequently the NA gets surrounded 
by substances which absorb energy between 254 and 280 mu. The absorption 
at these wavelengths combined with that by NA at 254 mu results in con-
siderable inactivation which will last till the NA entities get gradually covered 
with virus protein as a result of which increasingly greater resistance to in-
activation by UV irradiation is effected. According to this hypothesis a longer 
lag period can be expected with a UV source which emits more radiation of 
wavelengths between 254 and 280 mu. If, on the other hand, mostly a wave-
length of 254 mu is present, inactivation occurs mainly due to the absorption 
of energy by NA so that an earlier increase in resistance can be established. 
KASSANIS (1960) did not find any difference in the sensitivity of infective 
centres to UV irradiation immediately after inoculation with strain A of to-
bacco necrosis virus or of its NA. Hence inactivation curves of this strain 
were not expected to reveal any increase in sensitivity during the first hours 
after inoculation, as was observed by KASSANIS (1960) and further confirmed 
by BABOS & KASSANIS (1963). Another strain of tobacco necrosis virus (strain 
B), however, showed a completely different behaviour (BABOS & KASSANIS, 
1963). Here a dip in the inactivation curve of this strain was observed at ap-
proximately one hour after inoculation whereas an increase in resistance was 
apparent at about 2 hr. The authors reject the explanation that the dip might 
correspond to released NA because NA of this strain also had the same sensit-
ivity to UV irradiation as had the intact virus, when tested in vivo. It is, how-
ever, still doubtful whether NA, prepared in vitro, will always be completely 
identical to that released in vivo. Indications for a possible difference between 
the two kinds of NA have been provided by the experiments shown in table III 
and fig. 7. Here it could be seen that infective centres initiated by NA pre-
pared in vitro increased their sensitivity to inactivation by UV irradiation for 
30 to 40 minutes after inoculation. This might indicate that the NA prepared 
in vitro has to undergo changes before it is identical to that released in vivo. 
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CHAPTER 6 
G E N E R A L D I S C U S S I O N 
The early events of infection of TMV in N. glutinosa leaves were studied by 
bio-assay and UV irradiation. 
Ground epidermal tissue, stripped off immediately after inoculation, 
showed a higher infectivity than the tissue removed 4 hr after inoculation. It 
was shown that this decrease in infectivity could not be ascribed to an in-
activation of the inoculum still left on the surface of leaf after washing. The 
assumption was, therefore, made that during the first hours after inoculation 
a majority of the virus particles involved in the infection process enter a state 
in which they lose their original infectivity as determined by infectivity tests. 
Results obtained from irradiation experiments in which inoculated leaves 
were irradiated at different times after inoculation support the view that virus 
particles change shortly after inoculation. It was found that inoculated leaves 
showed a higher percentage survival of the infective centres when irradiated 
immediately following inoculation than 1 or 2 hr later. As it is known that 
intact TMV in vitro is less sensitive to inactivation by UV irradiation than 
NA, it is reasonable to assume that the majority of inoculated virus particles 
started their separation into protein and NA between 0 and 1 hr after inocu-
lation. The fact that infectivity tests sometimes showed a higher infectivity 
in epidermal tissue stripped off at 4 hr than at 8 hr after inoculation might be 
attributed to the presence of a certain amount of virus particles still attached 
to the susceptible sites and remaining unchanged. These particles may under-
go some changes after a few hours but do not succeed in passing through all 
the steps required for virus synthesis and finally perish. 
Infectivity tests further showed an increase in infectivity in epidermal tissue 
some hours after inoculation, the exact time being dependent on the tempe-
rature at which the inoculated leaves were kept prior to removal and subse-
quent assaying of the epidermis. When leaves were inoculated with intact 
TMV and maintained at a temperature of 28 °C, assumed to be the optimal 
temperature for multiplication of TMV in N. glutinosa leaves (cf. p. 27), the 
first newly-formed virus could be demonstrated as early as 8 hr after inocu-
lation. This period was reduced to 6 hr when NA was used as inoculum. The 
difference of 2 hr might refer to the time it takes for the intact virus to release 
its NA. Results obtained from the irradiation experiments fit into this hypo-
thesis. In all these experiments the increase in resistance of TMV-infective 
centres to inactivation by UV irradiation occurred after 2-3 hr at a tempera-
ture of 20-22°C and at 2 hr when the leaves were kept at 28°C after inocu-
lation, whereas infective centres initiated by NA increased their resistance at 
about 30 min after inoculation. 
Other evidence for a period of 2 hr needed for release of NA has been 
provided by HAMERS-CASTERMAN & JEENER (1957). They reported that 
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ribonuclease, infiltrated in vacuo into tobacco leaves inoculated with TMV, 
was effective only within the first 2 hr following inoculation. 
ZECH & VoGT-KÖHNE (1955) demonstrated the presence of an increasing 
amount of nucleic acid in the nuclei and cytoplasm of hair cells of tobacco 
leaves inoculated with TMV during the latent period after inoculation. 
SEMAL (1962a and b) reported that infective centres initiated by intact TMV 
became almost completely resistant to inactivation by a treatment with 0.06 
N and 0.1 N HCl about 3.5 hr later than did those initiated by NA. The 
period of 3.5 hr is considered by this author as the mean time needed by TMV 
to disrobe. His results, however, can scarcely be compared with those obtained 
from experiments in which inactivation was achieved by UV irradiation, be-
cause SEMAL (1962a) stated that '. . . the inhibition by 0.06 N HCl of infec-
tion by TMV or RNA is caused primarily by an effect of the acid on the leaf 
and not on the infective agent. . .' Because of this effect begin mainly on the 
capacity of leaf, it is possible that the infected susceptible sites for the NA 
entities were less strongly affected by the acid treatment than were those for 
TMV particles so that it took more time for the latter to become restored. 
This view might seem contradictory to results obtained by SEMAL (1962a) 
from experiments in which acid treatment was applied before inoculation. 
These experiments showed that the maximum number of local lesions were 
formed 3 hr earlier with TMV than with NA as inoculum. From these results 
the author concluded that in former case the capacity of leaves was restored 
3 hr sooner. This conclusion, however, may not be fully warranted, because 
it is possible that the difference in behaviour of TMV and NA inoculum has 
been caused by the fact that the majority of TMV particles unlike those of 
NA can wait for a longer time till the capacity is restored. 
SEMAL (1963) compared the sensitivity of infective centres initiated by 
TMV and NA in leaves of N. glutinosa with the sensitivity of those in French 
bean var. 'Pinto' to inactivation by acid treatment. For French bean it was 
found that the difference in time at which the infective centres became re-
sistant after inoculation with TMV and NA was only one hour. SEMAL con-
cluded that in French beans the time needed for release of TMV-NA had been 
shortened to a considerable extent but an alternate explanation might be that 
the infected susceptible sites of TMV in French beans were less affected by 
the acid treatment than were those in N. glutinosa leaves. 
In an attempt to explain some of the results recorded by SEMAL (1962a and 
b; 1963) the assumption is made by the present author that different suscep-
tible sites are required for infection with TMV and its NA. Results obtained 
in the present study with UV irradiation lend further support to this view. 
It has been shown that the effect of preirradiation on the infection, re-
sulting in a decreased number of local lesions, was greater when NA was in-
oculated onto the upper surfaces of the leaf than when TMV was used as 
inoculum; the reverse happened when the lower leaf surfaces were irradiated 
and subsequently inoculated with the two inocula. A possible explanation 
could be that susceptible sites meant for TMV are more sensitive to irradia-
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tion than are those that receive the NA. The greater effect of preirradiation on 
the infection by NA inoculated onto the upper leaf surfaces as compared with 
that on the infection by TMV, in contrast to the reverse effect at inoculation 
of lower surfaces, might be attributed to a possible presence of a greater 
amount of NA inactivating substances in the cells of the irradiated upper leaf 
surfaces than in those of the irradiated lower items. These substances might 
have affected the NA entities waiting for restoration of the capacity. 
Different sites for both inocula might also explain the findings of GORDON 
& SMITH (1960, 1961) and BAWDEN (1961) who showed that, depending on 
the light conditions, NA was able to infect Rhoeo discolor leaves whereas in-
tact TMV failed to do so. 
RAGETLI (1957) found that the infectivity of NA was inhibited by a sub-
stance from carnation to the same degree as complete TMV. As the action of 
the inhibitor in carnation sap is explained by this author as a blocking of sus-
ceptible sites his results are not in favour of the view that TMV and NA 
occupy different sites in the leaves. It is, however, possible that the two kinds 
of sites have some characteristics in common. 
It could be shown from the present experiments, in which one portion of 
leaves kept at 20-22 °C was irradiated at different times after inoculation and 
another portion was stripped of the epidermis at the same intervals after in-
oculation, that the first infectious particles had reached the mesophyll layers 
more than 7 hr after inoculation, whereas a complete resistance of the infec-
tive centres to inactivation by UV irradiation occurred between 5 and 7 hr 
after inoculation. Complete resistance to inactivation, therefore, can not be 
explained by assuming that at that time infectious particles from the majority 
of the initially infected sites have entered the mesophyll cells, as was suggested 
by BAWDEN & HARRISON (1955). However, using the UV irradiation method, 
it is not possible to assess with certainty the time at which infective units move 
into the mesophyll layers because a varying percentage of the incident radia-
tion (52 to 64%) is transmitted by the lower epidermal tissue of N. glutinosa 
leaves (BENDA, 1955). It is, therefore, difficult to judge whether exposure to 
UV irradiation had inactivated infectious particles only in the epidermis and 
not in the underlying mesophyll. 
Further experiments on movement of virus from the lower epidermal cells 
into mesophyll showed that at a temperature of 28 °C infectious entities had 
already reached the underlying tissue at about 3 hr after inoculation, irrespec-
tive of the concentration and kind of inoculum (intact TMV or NA) used. The 
start of NA by about 2 hr apparently did not result in an earlier arrival of 
infective particles at the mesophyll cells. This might be explained by the as-
sumption, first postulated by BAWDEN & KLECZKOWSKI (1960), that, although 
the majority of virus particles need 2 hr to release their NA, some succeed in 
disrobing almost immediately after inoculation. Even such a small amount 
will be sufficient to start multiplication in the epidermis giving rise to pene-
tration of infectious entities into the underlying tissue. 
It is very difficult to establish exactly the time at which virus multiplication 
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Starts. Infectivity tests are not sensitive enough to reveal the very small quan-
tity of newly-formed virus. No conclusions can be drawn from changes in the 
slope of inactivation curves of the infective centres, irradiated at different 
intervals after inoculation with a view to decide whether virus had already 
multiplied at the time of irradiation, since BAWDEN & KLECZKOWSKI (1960) 
and BAWDEN & SINHA (1961) have shown that irradiation has a strong effect on 
the capacity of leaf also. An increase in the resistance to inactivation by UV, 
as observed after 2 hr after inoculation, need not necessarily imply an in-
crease in the amount of infectious material due to multiplication; it could also 
easily be attributed to an association of the TMV-NA with some cell com-
ponents by which they became sheltered from inactivation. 
Summing up, the following early phases in the infection process of TMV in 
N. glutinosa leaves can be distinguished: a. Inoculated virus particles come 
into contact with susceptible sites but still behave in many respects like intact 
TMV for some time following inoculation, b. The majority of TMV particles 
release their NA moiety between 0 and 2 hr after inoculation, c. From 2 hr 
onwards, after inoculation, the NA entities associate with some cell consti-
tuents, and multiply; the reproduced NA entities become gradually enveloped 
by viral protein. 
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SUMMARY 
1. The early stages of infection by tobacco mosaic virus (TMV) in leaves 
of Nicotiana glutinosa were studied with the aid of two different methods viz. 
bio-assay and irradiation with ultraviolet (UV) light. 
2. Investigations were carried out on the 'residual infectivity', i.e. the in-
fectivity of virus left on the surface of leaves to which it was applied and sub-
sequently rinsed. 
When N. glutinosa leaves were inoculated with a TMV suspension the 'resi-
dual infectivity' decreased during the first 8 hr after inoculation. No decrease 
in 'residual infectivity' was observed when the leaves were dipped in instead 
of rubbed in the presence of Carborundum with the TMV suspension. The 
'residual infectivity' was lower on dipped leaves than on rubbed items. 
TMV was also applied to leaves of apparently immune plants viz. broad 
bean {Vicia f aba) and the 'Beka' variety of French bean (Phaseolus vulgaris). 
No decrease in 'residual infectivity' occurred when leaves of broad bean were 
inoculated, but on the other hand, when leaves of French bean were used, a 
distinct decrease in 'residual infectivity' became apparent during the first 8 hr 
after inoculation. 
Leaves of Rhoeo discolor inoculated with TMV did not show any decrease 
in 'residual infectivity' before 24 hr after inoculation. 
3. In order to explain the decrease in 'residual infectivity' investigations 
were made on the infectivity of TMV applied to an artificial substrate. Purified 
TMV absorbed by filter paper discs kept in petri dishes retained its original 
infectivity for 24 hr after application. 
4. Investigations were undertaken to find out whether 'inhibitors of infec-
tion' (BAWDEN, 1950, 1954) are gradually formed in plant sap left after rub-
bing of the leaves on their surface and consequently play a part in the 
decrease in 'residual infectivity'. An inhibition was found to occur when sap 
from ground leaves of N. glutinosa or French bean was stored at room 
temperature for 24 hr, mixed with a TMV suspension and subsequently in-
oculated onto N. glutinosa leaves. It became evident from experiments with 
TMV-containing filter paper discs placed on water-rubbed leaves that in-
hibiting substances were excreted by bean leaves but not by N. glutinosa 
leaves. 
5. Investigations were carried out on the time at which newly-formed virus 
can be detected in epidermal cells of leaves inoculated on the lower surface. 
The epidermis was stripped at different intervals after inoculation and assayed 
for virus content. In order to determine an early increase in the amount of 
virus in epidermal cells, it was necessary to remove the greater part of the 
virus particles which had not reached 'susceptible sites' (WILDMAN, 1959) and 
were simply left on the surface of rinsed leaves (residual virus sensu stricto). 
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Several compounds were tested for their ability to remove this residual virus 
viz. TMV-antiserum, borax-NaOH buffer (pH 10.2), soap solution and 1% 
KOH. The inoculated leaves were either dipped in or brushed with the various 
compounds and subsequently rinsed with tap water. It became evident that 
brushing with 1 % KOH was about twice as effective as brushing with TMV-
antiserum whereas the latter was about three times as effective as the buffer 
and soap solution. 
6. The presence of newly-formed virus could be established at the following 
times after inoculation: 16-16.5 hr (at temperatures which varied between 
18 and 22°C) and 8 hr (at 28 and 31°C). When TMV-nucleic acid (NA) was 
used as inoculum the increase in the number of local lesions on the assay 
leaves due to newly-formed virus occurred approximately 2 hr earlier than 
with complete TMV. 
7. It was demonstrated that the increase in infectivity of extracts from 
ground epidermis stripped off at different times after inoculation must be at-
tributed to multiplication of inoculated virus particles in the epidermal cells. 
8. It could be shown by stripping the lower epidermis at different times 
after inoculation of the lower leaf surface that infectious entities had reached 
the mesophyll cells at 8-10 hr (at temperatures which varied between 18 and 
22°C), 3-6 hr (at 28°C), 6 hr (at 31°C) and 6-8 hr (at 36°) after inocula-
tion. When NA was used as inoculum infectious material invaded the meso-
phyll cells at the following times after inoculation: 10 hr (at temperatures 
which varied between 18 and 22°C), 2-6 hr (at 28°C), 6 hr (at 31°C) and 
4-6 hr (at 36°C). 
9. It became evident that the time at which invasion of mesophyll cells by 
infectious material took place was independent of the concentration of the 
inoculum; but, as the time progressed, the increase in number of infectious 
particles which arrived at a certain moment was greater when more concen-
trated TMV was used as inoculum. 
10. In contrast to the results obtained by KONT AXIS (1961) local lesions 
were clearly visible on leaf parts devoid of epidermis irrespective to whether 
the upper or lower epidermis was removed 20 hr after inoculation. 
The rate of movement of TMV in inoculated leaves was determined by 
inoculating leaves on the upper surface followed by assaying ground tissue 
of the lower epidermis at different times after inoculation. Infectious entities 
passed from the upper into the lower epidermal cells through the mesophyll 
at an average rate of 17(x per hour at the least. 
11. Local lesions were formed after inoculation of leaf parts devoid of 
either the upper or the lower epidermis, provided that concentrated TMV was 
used as inoculum. 
12. Experiments were performed based on the work of LURIA & LATARJET 
(1947) with coliphages and on that of BAWDEN & HARRISON (1955) and SIE-
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GEL & WiLDMAN (1956) with plant viruses. Inoculated leaves were irradiated 
with UV light and the sensitivity of the infective centres to UV radiation was 
established. 
When leaves were irradiated on the upper surface immediately before in-
oculation (preirradiation) the infection was less affected when TMV was in-
oculated than when NA was used as inoculum. When, on the other hand, the 
lower leaf surfaces were irradiated and subsequently inoculated, the infection 
was affected to the same extent or less when leaves were inoculated with NA 
than when TMV was applied. 
13. Effects of irradiation were studied at different times after inoculation 
with intact TMV and its NA. Irradiation of lower leaf surfaces immediately 
following inoculation with TMV usually resulted in a higher survival percen-
tage of the infective centres than did irradiation applied one or two hours after 
inoculation. The sensitivity to inactivation by UV irradiation increased from 
0 hr onwards and reached its maximum at about 2 hr after inoculation. From 
that time an increase in resistance of the infective centres to inactivation be-
came visible and lasted some hours. A similar behaviour of infective centres 
was observed when U2 and the Rothamsted stock strain of TMV were used 
as inoculum. The time at which the survival percentages reached their maxi-
mum and remained constant mainly depended on the restoration of the 'ca-
pacity' of leaf (i.e. the ability of a leaf to support the multiplication of TMV 
to the extent of forming local lesions, as enunciated by BAWDEN & KLECZ-
KOWSKI, 1960). When NA was used as inoculum there was a distinct period 
of increasing sensitivity of the infective centres to inactivation by UV light 
for 30 to 40 min after inoculation. After that period a rapid increase in re-
sistance to inactivation occurred. 
14. In order to eliminate the effects of UV irradiation on the capacity of 
the leaves, the control leaf-halves were irradiated immediately before inocu-
lation whereas the test halves were irradiated at different intervals after in-
oculation. The results demonstrated that preirradiation treatment only in-
creased the survival percentages of the infective centres at each time after 
inoculation but did not alter the general trend observed in previous ex-
periments. 
15. The source of UV radiation proved to be of importance on the time 
at which an increase in resistance to inactivation of infective centres initiated 
by TMV took place. Comparisons were made between the effect of two dif-
ferent lamps, A and B (cf. p. 47). With lamp A the increase in resistance oc-
curred at 3 hr after inoculation while with lamp B a period of 4 hr was ascer-
tained. 
16. When leaves inoculated on the lower surface with either TMV or its 
NA were put in the dark immediately following irradiation, the infective 
centres initiated by intact virus were affected to a greater extent by the period 
or darkness than were those initiated by NA. 
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17. No effect of the irradiation dose other than a decrease in survival of 
the infective centres by TMV at higher doses could be established. 
18. By varying the temperature at which the leaves were maintained during 
the time elapsing between inoculation and irradiation an increase in resistance 
of the infective centres of TMV to inactivation by UV irradiation took place 
one hour earlier when a temperature of 28°C instead of 20-22°C was applied. 
19. From the present data a conclusion can be drawn which will be sum-
marized as follows. Shortly after inoculation with TMV the virus particles 
which will participate in the infection process behave in many respects like 
intact TMV. The majority of TMV particles release their NA moiety between 
0 and 2 hr after inoculation. From 2 hr onwards, after inoculation, the NA 
entities associate with some cell constituents, and multiply; the reproduced 
NA entities become gradually enveloped by viral protein. 
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S A M E N V A T T I N G 
Het doel van de in dit proefschrift beschreven onderzoekingen was het 
verschaffen van meer inzicht in de infectiestadia, die optreden gedurende de 
eerste uren na inoculatie van Nicotiana glutinosa bladeren met tabaksmoza-
iekvirus (TMV). 
In de inleiding wordt een kort overzicht gegeven van hetgeen bekend is 
over het infectieverloop in planten. Na inoculatie van bladeren met een virus-
suspensie hecht een gedeelte van de in het inoculum aanwezige virusdeeltjes 
zich aan bepaalde plaatsen nabij de oppervlakte van het blad, die door WILD-
MAN (1959) 'susceptible sites' genoemd worden. Dit zijn de virusdeeltjes die bij 
het infectieproces betrokken zijn. Het grootste deel van het zich in het inocu-
lum bevindende virus blijft echter op het blad achter zonder de kans te krij-
gen in contact te komen met de voor de infectie noodzakelijke aanhechtings-
plaatsen. Dit virus wordt in dit proefschrift betiteld als 'residual virus sensu 
stricto (s.s.)'. 
In het tweede hoofdstuk wordt onderzoek beschreven naar de herkomst 
van het infectievermogen van epidermisweefsel dat op verschillende tijdstip-
pen na inoculatie van het blad is afgetrokken, fijngewreven en geïnoculeerd 
op toetsbladeren. Bij N. glutinosa bladeren die geïnoculeerd waren met een 
TMV suspensie, nam dit infectievermogen af gedurende de eerste 8 uur na 
inoculatie (tabel 1). Deze afneming trad niet op wanneer de bladeren waren 
gedompeld in de TMV suspensie, in plaats van daarmee in aanwezigheid van 
Carborundum te zijn gewreven (tabel 2). Steeds was de infectiositeit in het 
eerste geval lager dan in het tweede. Het infectievermogen werd ook bepaald 
aan epidermisweefsel of stukken blad van planten, die beschouwd worden 
immuun te zijn voor TMV, zoals tuinboon {Vicia jaba) en de cultivar 'Beka' 
van de boon {Phaseolus vulgaris). Het bleek, dat de infectiositeit van sap af-
komstig van fijngewreven epidermisweefsel van geïnoculeerde tuinboonbla-
deren niet afnam gedurende de eerste 8 uur en in de meeste gevallen zelfs niet 
tot 24 uur na inoculatie (tabel 7). Bij bonebladeren trad daarentegen een 
duidelijke afneming op in een periode van 8 uur na inoculatie. Behalve de ge-
noemde planten zijn ook bladstukken van Rhoeo discolor bij het onderzoek 
betrokken. Deze plant is onder bepaalde omstandigheden niet vatbaar voor be-
smetting met TMV (GORDON & SMITH, 1960). Het infectievermogen bleek niet 
merkbaar af te nemen vóór 24 uur na inoculatie (tabel 9). 
Teneinde na te gaan of de afneming van de infectiositeit berust op veran-
dering van virusdeeltjes, die aan het infectieproces deelnemen, dan wel toe-
geschreven moet worden aan inactivering van het 'residual virus s.S.', is de 
houdbaarheid van gezuiverd TMV in vitro nader onderzocht. Uitgeponste 
stukjes Whatman filtreerpapier met een middellijn van 5 mm werden voor-
zien van een druppel TMV suspensie en gedurende 24 uur in een vochtige 
petrischaal bewaard. Op verschillende tijdstippen na het toedienen van het 
virus werden de stukjes papier getoetst op hun infectiositeit. Het bleek, dat 
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het virus gedurende deze periode zijn oorspronkelijk infectievermogen behou-
den had (tabel 3). Eveneens werd een onderzoek ingesteld naar de infectiosi-
teit van TMV in plantesap. Hierbij is gedacht aan de mogelijkheid dat zich 
in het sap, dat bij het inoculeren uit het blad treedt en waarvan een kleine 
hoeveelheid ook na het afspoelen van de bladeren zal achterblijven, geleide-
lijk remstoffen ('inhibitors of infection'; BAWDEN, 1950; 1954) zullen ontwik-
kelen, die verantwoordelijk zouden kunnen zijn voor het afnemen van het in-
fectievermogen van getoetst bladmateriaal. Bladeren van gezonde N. glutinosa 
of boon werden fijngewreven en het aldus verkregen sap werd gedurende 0, 
2, 18, 24 en 48 uur bij kamertemperatuur bewaard. Vervolgens werd het sap 
op elk van bovengenoemde tijdstippen in de verhouding 1 : 1 met een TMV 
suspensie gemengd en op toetsbladeren geïnoculeerd. Het infectievermogen 
van het sap bleek af te nemen bij een bewaarperiode van 24 uur of langer. 
Proeven, waarin TMV-bevattende uitgeponste stukjes Whatman filtreer-
papier werden gelegd op bladeren, die met water en Carborundum gewreven 
waren, wezen uit, dat de infectiositeit van het virus in de stukjes, die met de 
bonebladeren in contact waren geweest, afnam (tabel 8, kolom F/L). Dit was 
niet het geval bij stukjes papier, die op N. glutinosa bladeren waren aange-
bracht (tabel 3, kolom F/L). Uit de resultaten van deze onderzoekingen is 
gebleken, dat de waargenomen afneming van de infectiositeit van fijngewre-
ven epidermisweefsel afkomstig van geïnoculeerde N. glutinosa bladeren, niet 
zonder meer kan worden toegeschreven aan een inactivering van virus, dat 
deel uitmaakt van het 'residual virus s.S.'. 
Het derde hoofdstuk bevat onderzoek naar het tijdstip, waarop nieuw-ge-
vormd virus kan worden aangetoond in epidermiscellen van bladeren, die 
aan de onderzijde geïnoculeerd waren. Evenals bij de proeven uit hoofdstuk 2 
werd de epidermis op verschillende tijdstippen na inoculatie afgetrokken en 
onderzocht op de aanwezigheid van virus. Teneinde zo vroeg mogelijk een 
toeneming in de hoeveelheid virus te kunnen bepalen was het noodzakelijk 
eerst het grootste deel van het 'residual virus s.s.' te verwijderen of te inacti-
veren. Verschillende stoffen zijn getoetst op hun vermogen om dit virus te 
elimineren, zoals TMV-antiserum, borax-NaOH buffer (pH 10,2), zeepop-
lossing en 1% KOH. De geïnoculeerde bladeren werden gedompeld in- of 
met behulp van een penseel bestreken met de stoffen. Penselen met 1 % KOH 
gaf ongeveer tweemaal zo weinig lokale lesies na toetsing van de epidermis 
als een zelfde behandeling met TMV-antiserum, terwijl dit aantal in laatst-
genoemd geval ongeveer driemaal zo klein was als dat na behandeling met 
buffer of zeepoplossing (tabel 11 en 12). 
Nieuw-gevormd virus was aantoonbaar op de volgende tijdstippen na in-
oculatie met TMV: I6-I6V2 uur bij temperaturen, die varieerden tussen 18 
en 22°C (tabel 13) en 8 uur bij 28 en 31°C (tabel 15). Wanneer TMV-NA 
als inoculum was gebruikt trad de toeneming van het aantal lokale lesies op 
de toetsbladeren ongeveer 2 uur eerder op dan wanneer intact TMV was ge-
inoculeerd (tabel 14 en 15). 
Langs indirecte weg is aangetoond, dat de toeneming in infectiositeit van 
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extracten van fijngewreven epidermisweefsel op verschillende tijdstippen na 
inoculatie moet worden toegeschreven aan vermenigvuldiging van geïnocu-
leerde virusdeeltjes in de epidermiscellen (tabel 16). 
In hoofdstuk 4 is onderzocht of het tijdstip, waarop nieuw-gevormd virus 
in de epidermiscellen kan worden aangetoond gecorreleerd is met dat waarop 
infectieuze deeltjes de mesofylcellen hebben bereikt. Daartoe werden uit de 
bladstukken, waarvan de epidermis verwijderd was voor de bepaling van de 
hoeveelheid virus in dit weefsel (hoofdstuk 3), stukjes van 5 mm doorsnee ge-
ponst en deze werden gedurende 2 tot 3 dagen in Petrischalen op vochtig 
filtreerpapier bewaard. Er kon worden vastgesteld, dat infectieuze deeltjes 
op de volgende tijdstippen in het mesofyl waren aangekomen: na 8-1OV2 uur 
bij temperaturen, die varieerden tussen 18 en 22°C (tabel 18), 3-6 uur bij 
28°C, 6 uur bij 31 °C en 6-8 uur bij 36°C (tabel 21). Wanneer NA in plaats 
van intact TMV was gebruikt als inoculum waren die tijden als volgt: 10 uur 
bij 18-22°C, 2-6 uur bij 28 °C, 6 uur bij 31°C en 4-6 uur bij 36°C. 
Een serie proeven, waarbij de concentratie van het inoculum telkens een 
factor 10 verschilde, toonde aan, dat het tijdstip waarop infectieuze deeltjes 
het mesofyl binnendrongen niet afhankelijk was van de concentratie van het 
inoculum (tabel 22). Wel was bij het voortschrijden van de tijd het aantal 
infectieuze deeltjes, dat op een bepaald moment mesofylcellen bereikte, over 
het algemeen meer toegenomen naarmate geconcentreerder TMV als inocu-
lum was gebruikt. 
In tegenstelling tot de resultaten van KONT AXIS (1961) vertoonden bladstuk-
ken, waarvan hetzij de boven- hetzij de onderepidermis 20 uur na inoculatie 
was verwijderd, duidelijke lokale lesies (fig. 2). 
De snelheid, waarmee TMV zich in geïnoculeerde bladeren door het meso-
fyl verplaatst, werd bepaald. Bladeren werden geïnoculeerd aan de bovenkant 
en bij een temperatuur van 28°C in Petrischalen bewaard. Vervolgens werd 
de onderepidermis op verschillende tijdstippen na inoculatie verwijderd, fijn-
gewreven en het aldus verkregen sap op toetsplanten geïnoculeerd. In twee 
van de drie proeven bleek de aanwezigheid van virus al te kunnen worden 
aangetoond 17 uur na inoculatie (tabel 23). De gemiddelde snelheid, waar-
mee infectieuze deeltjes uit de bovenepidermis naar de onderepidermis bewo-
gen bedroeg op zijn minst 17[A per uur bij een temperatuur van 28 °C. Deze 
waarde is hoger dan die welke vermeld werden door UPPAL (1934) in N. syl-
vestris (7-8(x per uur) en WILDMAN (1959) in N. glutinosa (10[x per uur). 
Wanneer stukken blad die ontdaan waren van de boven- of onderepidermis, 
werden geïnoculeerd, ontstonden lokale lesies (tabel 24). Dit was echter al-
leen het geval indien geconcentreerd TMV of NA als inoculum was gebruikt. 
In hoofdstuk 5 zijn resultaten weergegeven van proeven, waarin getracht 
is door bestraling met ultraviolet (UV) licht meer gegevens te verkrijgen over 
de opeenvolging van gebeurtenissen, die in het infectieproces plaats vinden 
vóór het tijdstip, waarop door infectiositeitsproeven virus kon worden aan-
getoond. De proeven steunden op het werk van LURIA & LATARJET (1947) 
met colifagen en op dat van BAWDEN & HARRISON (1955) en SIEGEL & 
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WiLDMAN (1956) met plantevirussen. Geïnoculeerde bladeren werden be-
straald met UV licht en de gevoeligheid van de 'susceptible sites' waar de in-
fectie is aangeslagen en lokale lesies zullen worden gevormd (de z.g. 'infective 
centres') voor de bestraling werd onderzocht. De bestraling werd uitgevoerd 
op 20 cm afstand van de lichtbron met twee typen lage druk kwiklampen, te 
weten lamp A (merk Hanovia) en lamp B (merk Hanau). 
Bestraling gedurende 80 seconden of langer had een grotere nadelige in-
vloed op het aantal lokale lesies wanneer zowel de inoculatie als de bestraling 
waren uitgevoerd aan de onderkant van de bladeren, dan wanneer beide be-
handelingen aan de bovenkant plaats hadden gevonden (tabel 25). Dit ver-
schil moet worden toegeschreven aan een effect op de 'capacity' (BAWDEN & 
KLECZKOWSKI, 1960) van het blad. Dit is het vermogen van een blad om het 
TMV zodanig tot vermenigvuldiging te laten komen, dat de infectie resul-
teert in de vorming van lokale lesies. 
Op bladeren, die onmiddellijk vóór inoculatie aan de bovenkant waren be-
straald was het percentage 'infective centres', dat de behandeling overleefde 
('survival percentage'), groter na inoculatie met TMV dan met NA. Werd 
daarentegen de onderkant van de bladeren bestraald en vervolgens geïnocu-
leerd dan was dit percentage gelijk of groter na inoculatie met NA vergeleken 
met dat na inoculatie met TMV (tabel 26 en 27). 
Effecten van de bestraling werden bestudeerd op verschillende tijdstippen 
na inoculatie met TMV en NA, waarbij de bladeren op de onderkant zowel 
geïnoculeerd als bestraald werden. Het bleek, dat bij bestraling onmiddellijk 
na inoculatie met TMV meestal een groter percentage 'infective centres' de 
behandeling doorstond dan wanneer de bestraling 1 of 2 uur later was toege-
diend (tabel I en fig. 3). De gevoeligheid voor inactivering door bestraling met 
UV nam toe van tijdstip 0 af en bereikte haar maximum omstreeks 2 uur na 
inoculatie. Van dat moment af werd de resistentie van de 'infective centres' 
tegen inactivering groter, hetgeen enige uren aanhield. 
Geen essentieel verschil in gedrag van de 'infective centres' ten opzichte 
van inactivering door UV licht werd geconstateerd wanneer in plaats van de 
in Wageningen algemeen gebruikte strain, de U2 en Rothamsted stock strain 
van TMV als inoculum werden gebruikt (tabel II, fig. 4 en 6). Het tijdstip, 
waarop het percentage 'infective centres', dat de bestraling overleefde, zijn 
maximum bereikte en constant bleef, hing ten zeerste af van het herstel van 
de 'capacity' van het blad. Wanneer NA werd gebruikt als inoculum, nam de 
gevoeligheid van de 'infective centres' voor inactivering door UV licht gedu-
rende 30 tot 40 minuten na inoculatie toe (tabel III en fig. 7). Na die periode 
nam de resistentie tegen inactivering snel toe. 
Met de bedoeling om bij de beoordeling van de gevoeligheid van 'infective 
centres' voor bestraling met UV licht het effect van deze straling op de 'capa-
city' van het blad zoveel mogelijk uit te kunnen schakelen, werden de controle 
bladhelften onmiddellijk vóór inoculatie bestraald, terwijl de toetshelften de 
straling toegediend kregen op verschillende tijdstippen nà inoculatie. De resul-
taten toonden aan, dat een dergelijke behandeling op ieder moment na inocu-
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latie een verhoging van de 'survival percentages' tot gevolg had, maar dat deze 
geen verandering teweegbracht in het eerder beschreven inactiveringspatroon 
(tabel IV en fig. 8). 
De UV lichtbron bleek van invloed te zijn op het tijdstip, waarop een toe-
neming in resistentie van TMV-'infective centres' tegen inactivering door UV 
licht plaats vond. De werking van de lampen A en B werd met elkaar verge-
leken. Voor lamp A werd na 2 uur en voor lamp B na 3 uur een toeneming in 
resistentie geconstateerd (tabel V en fig. 9). Wanneer het kwartsfilter van 
lamp B, dat o.a. golflengten langer dan 405 mjx absorbeert, verwijderd werd 
(lamp B_p), was het effect hetzelfde als dat van lamp A. 
In bladeren die aan de onderkant werden geïnoculeerd met TMV of NA 
en vervolgens onmiddellijk na bestraling met UV licht in het donker werden 
gezet, bleken de 'infective centres' van TMV door de periode van duisternis 
ongunstiger beïnvloed te worden dan die welke het gevolg waren van inocu-
latie met NA (tabel 28). 
Het enige effect van een toenemende dosis bestraling op de infectie bestond 
uit een afneming van het percentage 'infective centres' van TMV, dat de be-
straling op verschillende tijdstippen na inoculatie doorstond (tabel VII en 
fig. 10). 
Door de temperatuur, waarbij de bladeren gedurende de tijd tussen inocu-
latie en bestraling verbleven, te variëren bleek, dat de resistentie van de 'in-
fective centres' van TMV en NA tegen inactivering door UV licht bij 28 °C 
eerder toenam dan bij 20-22°C (fig. 11). 
In hoofdstuk 6 wordt het geheel van de verkregen resultaten bekeken in 
het licht van hetgeen hierover in de literatuur bekend is, waarna de volgende 
conclusie wordt getrokken. Korte tijd na inoculatie van N. glutinosa-bladeren 
met TMV gedragen de virusdeeltjes, die aan het infectieproces deelnemen 
zich in veel opzichten als intact TMV. Uit het grootste deel van deze TMV 
deeltjes komt het NA gedeelte vrij tussen 0 en 2 uur na inoculatie. Van 2 uur 
af gaan de NA eenheden een binding aan met bepaalde celbestanddelen en 
komen tot vermenigvuldiging. Vervolgens wordt het nieuw-gevormde NA ge-
leidelijk omgeven door viruseiwit. 
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APPENDIX 
The data given in the undermentioned tables are presented in the text in 
the form of graphs (figs. 3, 4, and 6-10). 
TABLE I. The sensitivity of infective centres to ultraviolet irradiation at different times after 
inoculation of the lower surfaces of Nicotiana glutinosa leaves with tobacco mosaic 
virus (TMV) and its nucleic acid (NA) 
Time after 
inoculation 
(hours) 
0 
1 
2 
3 
4 
5 
1 
34 
20 
18 
22 
23 
30 
2 
22 
8 
7 
30 
54 
40 
TMV 
3 
23 
12 
9 
16 
17 
32 
4 
35 
32 
24 
41 
46 
51 
] 
5 
28 
19 
19 
32 
37 
39 
Experimental,c 
6 
42 
38 
17 
27 
35 
78 
1 
1 
13 
34 
62 
78 
77 
2 
0 
0 
1 
11 
43 
51 
NA 
3 
0 
5 
11 
28 
36 
49 
4 
0 
3 
16 
40 
66 
69 
5 
0 
0 
2 
21 
73 
63 
6 
0 
6 
10 
36 
62 
72 
a
 Number of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls. 
b
 The concentrations of the TMV inocula were 0.002 mg/ml for the expts. 1 and 2 and 0.01 
mg/ml for the others. TMV and NA inocula had comparable infectivity. 
0
 The leaves were inoculated and subsequently irradiated for 40, 80, 80, 80, 100 and 100 
seconds, respectively, for the six experiments with lamp A. 
TABLE II. A comparison between the sensitivities of infective centres on the lower surface of 
Nicotiana glutinosa leaves, initiated by the Rothamsted type culture of tobacco 
mosaic virus (TMVR) and the strain commonly used at Wageningen (TMVW), to 
ultraviolet irradiation 
Time after 
inoculation 
(hours) 
0 
1 
2 
3 
4 
5 
6 
7 
1 
16 
16 
8 
8 
11 
20 
31 
37 
2 
36 
21 
20 
18 
32 
35 
47 
96 
TMVW 
3 
22 
23 
14 
7 
11 
21 
30 
48 
Experimental,c 
4 
17 
21 
13 
14 
25 
42 
72 
67 
5 
36 
25 
16 
10 
41 
-
50 
49 
TMVR 
1 
17 
5 
7 
8 
24 
37 
50 
43 
2 
29 
25 
12 
8 
39 
55 
-
57 
8
 Number of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls. 
b
 The concentrations of the TMV inocula were 0.001 mg/ml for the expts. 1, 4 and 5 and 0.002 
mg/ml for the expts. 2 and 3. 
c
 The leaves were inoculated and subsequently irradiated for 100 seconds with lamp B. 
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TABLE III. The sensitivity of infective centres initiated by tobacco mosaic virus nucleic acid 
to ultraviolet irradiation at different times within one hour after inoculation of 
the lower surface of Nicotiana glutinosa leaves 
Time after 
• i *.•_.. 
(minutes) 
2 
10 
20 
30 
40 
50 
60 
Experiment"* 
1 2 
11 6 
8 6 
9 4 
7 3 
17 4 
28 11 
39 12 
a
 Number of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls. 
b
 The leaves were inoculated and subsequently irradiated for 20 seconds with lamp A. 
TABLE IV. The survival of infective centres initiated by tobacco mosaic virus (TMV) and its 
nucleic acid (NA) in Nicotiana glutinosa leaves irradiated with ultraviolet light 
after inoculation of the lower surfaces as a percentage of that in controls which 
were either irradiated immediately before inoculation (preirradiation) or inocu-
lated without preceding irradiation treatment 
With preirradiation 
Time after 
inoculation 
(hours) 
TMV NA 
Without preirradia-
tion 
TMV 
Experimentab 
0 
1 
2 
3 
4 
5 
1 
33 
36 
25 
32 
54 
66 
2 
55 
43 
26 
50 
83 
107 
3 
81 
65 
42 
53 
84 
90 
4 
55 
33 
24 
33 
73 
76 
5 
75 
48 
22 
61 
105 
107 
6 
33 
8 
8 
21 
25 
75 
7 
61 
27 
19 
25 
42 
78 
5 
0 
13 
32 
91 
85 
96 
6 
2 
7 
13 
25 
53 
67 
7 
1 
8 
19 
73 
81 
86 
1 
26 
16 
10 
18 
31 
32 
2 
33 
30 
23 
25 
30 
69 
3 
35 
28 
13 
21 
32 
51 
4 
10 
10 
5 
10 
11 
27 
a
 The concentrations of the TMV inocula were 0.01 mg/ml. TMV and NA inocula had 
comparable infectivity. 
b
 The leaves were inoculated and subsequently irradiated for 80 seconds in expts. 1, 2 and 5 
and for 100 seconds in the other experiments with lamp A. 
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TABLE V. A comparison between the sensitivities of infective centres on the lower surfaces 
of Nicotiana glutinosa leaves, initiated by tobacco mosaic virus (TMV), to ultra-
violet irradiation with two different lamps, A and B 
Time after 
inoculation 
(houis) 
0 
1 
2 
3 
4 
5 
6 
7 
1 
33 
20 
14 
19 
21 
24 
49 
41 
A 
Experiment*150 
2 
34 
35 
13 
36 
43 
49 
62 
67 
1 
76 
47 
43 
40 
69 
61 
75 
77 
B 
2 
84 
67 
41 
43 
70 
72 
84 
89 
a
 Number of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls. 
b
 The concentrations of the virus inocula were 0.01 mg/ml. 
c
 The leaves were inoculated and subsequently irradiated for 80 seconds. 
TABLE VI. A comparison between the sensitivities of infective centres on the lower surface 
of Nicotiana glutinosa leaves, initiated by tobacco mosaic virus, to ultraviolet 
irradiation with lamp A and B while the latter was deprived of the filter which 
absorbed a great deal of the visible light emitted (B_F) 
Time after 
inoculation 
B_ 
Experiment*60 
(hours) 
0 
1 
2 
3 
4 
5 
6 
7 
1 
28 
28 
21 
35 
58 
55 
67 
93 
2 
21 
25 
11 
21 
30 
28 
38 
49 
3 
25 
18 
13 
21 
25 
32 
34 
35 
1 
25 
27 
10 
17 
29 
35 
41 
96 
2 
10 
8 
13 
17 
19 
32 
34 
30 
3 
10 
10 
5 
7 
16 
25 
32 
42 
a
 Number of local lesions on six irradiated half-leaves as the average percentage of the un-
irradiated controls. 
b
 The concentrations of the virus inocula were 0.01 mg/ml. 
0
 The leaves were inoculated and subsequently irradiated for 80 seconds with lamp A and for 
20 seconds with lamp B_F. 
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TABLE VII. Effect of the dose of ultraviolet radiation provided by lamp B on the survival of 
the infective centres initiated by tobacco mosaic virus at different times after inocula-
tion8, of the lower surfaces of Nicotiana glutinosa leaves. Numbers given are numbers 
of lesions on six irradiated half-leaves as the average percentage of the unirradiated 
controls 
Time after 
inoculation 
(hours) 
0 
1 
2 
3 
4 
5 
6 
7 
100 
56 
50 
42 
38 
51 
76 
78 
98 
Dose of radiation (seconds) 
120 
45 
40 
33 
30 
34 
57 
72 
71 
140 
39 
25 
19 
15 
33 
48 
49 
57 
160 
52 
20 
11 
8 
18 
28 
54 
45 
1
 The concentrations of the TMV inocula were 0.02 mg/ml. 
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